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Part I
DEDICATION OF THE
STATE NATURAL RESOURCES BUILDING
NOVEMBER 15, 1940
Program reproduced by fulltone from
the original

p.roaravn9
DEDICATION OF THE
NATURAL RESOURCES BUILDING
AUDITORIUM
UNIVERSITY OF ILL! NO I
NOVEMBER IS, 1940

djoard of ilatural rsedourceA and L^ondervation
Honorable John J. Hallihan, Springfield
Chairman, ex officio
Dr. Edson S. Bastin, Chicago
Mr. Louis R. Howson, Chicago
Dr. Ezra Jacob Kraus, Chicago
Dr. William A. Noyes, Urbana
Dr. William Trelease, Urbana
Dr. Arthur Cutts Willard, Urbana
(LSoard of ^JruSieeS of the UlniverAitu of
Members Ex Officio
Honorable John Stelle, Springfield
Governor of Illinois
Honorable John A. Wieland, Springfield
Superintendent of Public Instruction
Elected Members
Mr. Harold Pogue, Decatur, President
Mr. Homer Mat Adams, Springfield
Mr. James M. Cleary, Chicago
Mr. Frank A. Jensen, LaSalle
Mr. Orvtlle M. Karraker, Springfield
Mr. Oscar G. Mayer, Chicago
Dr. Karl A. Meyer, Chicago
Mrs. Glenn E. Plumb, Chicago
Mr. Kenney E. Williamson, Peoria
inois
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Ljeoloaical ^ut
"We have unmistaken evidence that this State is scarcely excelled in the extent
of her mineral riches."
—
Augustus C. French, Governor, January 7, 1851.
GEOLOGICAL SURVEY OF ILLINOIS
1851-1875
J. G. Norwood, 1851-1858
A. H. Worthen, 1858-1875
Publications continued until 1890
RE-ESTABLISHED IN 1905
H. Foster Bain, 1905-1909
Frank W. DeWolf, 1909-1917
GEOLOGICAL SURVEY DIVISION
State Department of Registration and Education
1917
Frank W. DeWolf, 1917-1923
Morris M. Leighton, 1923
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Hatural J4Utory +3uri/ep
"In the coming time, man will assert his dominion here as well as elsewhere
over the natural world."—T. J. Burrill, Educator-Botanist, 1876.
STATE NATURAL HISTORY SOCIETY
1862-1871
STATE MUSEUM OF NATURAL HISTORY
1871-1877
Stephen A. Forbes
. STATE LABORATORY OF NATURAL HISTORY
1877-1917
Stephen A. Forbes, 1877-1917
OFFICE OF THE STATE ENTOMOLOGIST
1867-1917
Benjamin D. Walsh, 1867-1869
William Le Baron, 1870-1875
Cyrus Thomas, 1875-1882
Stephen A. Forbes, 1882-1917
NATURAL HISTORY SURVEY DIVISION
State Department of Registration and Education
1917
Stephen A. Forbes, 1917-1930
Theodore H. Frison, 1930
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ZJhe llalurat IKeSourceA (Ouildiim
Need for a modern, adequately equipped building to house the
State Geological Survey and the State Natural History Survey
has been apparent for years. Inadequate equipment and
cramped quarters in numerous widely separated buildings lim-
ited the extent of the investigational programs and interfered
with the efficiency of the staffs and their public service. These
conditions were widely recognized by many important indus-
trial, agricultural, and conservation groups, and their interest
in improving these conditions aided in bringing to realization
the new Natural Resources Building.
The first formal request for the present unit of the Natural
Resources Building was made in October 1934 at a confer-
ence of the building committee of the Board of Natural Re-
sources and Conservation with Governor Henry Horner. As a
result of this and later conferences, the General Assembly of
the State of Illinois, on June 28,' 1937, passed a bill appropriat-
ing $300,000 for erection of a building for the Geological Sur-
vey and the Natural History Survey which was promptly
signed by Governor Horner.
The bill contemplated additional funds from Federal sources,
and applications were accordingly made. In July 1938, a grant
of $245,454 was allowed by the Public Works Administration.
Later an amended grant provided an additional appropriation
of $22,909. For equipment and furnishings of the building, the
General Assembly of the State, in July 1939, appropriated
$200,000. In accordance with the Civil Administrative Code,
the University of Illinois has provided the building site on the
campus, shared in the expense of extending certain services,
and henceforth assumes the maintenance and servicing of the
structure.
Work on the foundation of the building was begun in the
fall of 1938, but the superstructure was not started until the
following spring. By mid-July 1940 the present unit of the
building was nearing completion, and sections of the Geological
Survey had begun moving into the new offices and laboratories,
to be followed a few days later by sections of the Natural
History Survey.
Dedicated to research in the innate wealth of the State, the
Natural Resources Building is constructed largely of Illinois
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materials. Illinois clay is in the red bricks that form the walls
of the Georgian structure. Illinois white oak is in the doors and
the panel trim of offices and laboratories. Warm gray Joliet
dolomite, from Illinois, forms the walls of the lobby. Illinois
clay is in the terra cotta that lines the laboratory walls. Sand
for the mortar between the bricks, sand for the plaster on
office walls, and aggregate for the concrete of piers, founda-
tion walls, and floors are all part of the rich and varied natural
resources of Illinois.
Basic to the conception of the building was the efficient
utilization of every cubic foot of space. The basement with its
well-lighted laboratories, the next three floors with their offices
and laboratories, and the fourth with its libraries, offices, labora-
tories and storage rooms, have all been planned for efficient
use. Even the large chimneys, a characteristic of Georgian
architecture, are functional in that they serve as outlets for the
numerous chemical hoods in the laboratories throughout the
building. Except on the first floor, piping is readily accessible
to allow for reorientation of the scientific programs requiring
new or improved laboratories and to permit repair and main-
tenance of service lines without destruction of walls.
Only on the first floor has deviation from the utilitarian
been permitted. Here the citizen of Illinois who comes to inquire
about the oil, coal, agricultural products, fishes, trees, or other
natural resources of his state, finds himself in a lobby of warm
gray Joliet dolomite in which have been set exhibit cases dis-
playing the natural resources of the State and the results Of
scientific investigations relating to them. Bas-reliefs, silver and
gold in color, emblematic of Illinois resources and the work of
the Geological and Natural History Surveys, decorate the walls.
In the halls and offices, harmonious pastel colors predominate.
With completion of the first unit of the Natural Resources
Building, increased facilities have been provided for the em-
ployment of modern science in developing and conserving the
State's renewable and non-renewable natural resources for the
benefit of all its citizens. All laboratories are directly serviced
with distilled water, steam, vacuum and compressed air, electric
current of various voltages and much special equipment for a
wide range of research. Machine shops have been equipped for
the construction of specialized research apparatus not available
in the open market. Each laboratory is tailor-made for the
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particular segment of research to which it is devoted. South of
the building is a six-section greenhouse for study of insects and
diseases attacking plants. The technical staffs have been pro-
vided with the newer and specialized tools of science including,
among other things, the X-ray, the spectrograph, high-powered
microscopes, photo-micrographic equipment, constant-tempera-
ture rooms and aquaria, and automatic temperature controls for
high-temperature electric furnaces.
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p.r o a r a m9
Dr. Edson S. Bastin, Presiding
Vice-Chairman, Board of Natural Resources and Conservation;
and Chairman, Department of Geology, University of
Chicago
Organ Prelude—Finale, from Eighth Symphony Widor
Director Frederic Benjamin Stiven
School of Music, University of Illinois
Welcome to Delegates—Dr. William A. Noyes, Secretary of
Board of Natural Resources and Conservation, and Pro-
fessor of Chemistry, Emeritus, University of Illinois
Participation by the Public Works Administration—Honorable
D. R. Kennicott, Regional Director, Federal Emergency
Administration of Public Works
The Design of the Natural Resources Building—Honorable
C. Herrick Hammond, Supervising Architect, State De-
partment of Public Works and Buildings, and Past Presi-
dent of the American Institute of Architects
Introduction of Speaker—Dr. A; C. Willard, President, Uni-
versity of Illinois
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• • •
Our Better Ordering and Preservation—Dr. Isaiah Bowman,
President, The Johns Hopkins University
Presentation of Keys to the University—Dr. Edson S. Bastin,
representing the Director of the Department of Registra-
tion and Education
Acceptance for the University—Honorable Harold Pogue,
President of the Board of Trustees, University of Illinois
Organ Postlude—Sixth Sonata, First Movement.. .Rheinberger
Director Frederic Benjamin Stiven
Informal Reception and Open House at the Natural Resources
Building immediately following the dedication
Dedication Banquet, seven o'clock, Woman's Building, Lower
Gymnasium
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OFFICIAL ORGANIZATIONS
Alabama
Geological Survey, University: Stewart J. Lloyd, Assistant
State Geologist.
Canada Department of Agriculture
Plant Protection Division and Entomological Branch: Arthur
Gibson, Dominion Entomologist, Ottawa, Ontario.
Forest Preserve District of Cook County, River Forest, Illinois:
Charles G. Sauers, General Superintendent; Roberts Mann,
Superintendent of Maintenance.
Illinois
Department of Agriculture: G. H. Lloyd, Director, Springfield.
Department of Conservation: Anton J. Tomasek, State For-
ester ; Lewis E. Martin, Superintendent Game Propagation,
Springfield.
Department of Mines and Minerals: M. K. Herrington, Chief
Clerk, Springfield.
Department of Registration and Education.
State Museum Division: Thorne Deuel, Chief; Heinz Low-
enstam, Paleontologist, Springfield.
Water Survey Division, Urbana: A. M. Buswell, Chief.
Illinois Farmers' Institute, Springfield: H. O. Allison, Secretary.
Illinois State Planning Commission: M. M. Baker, Vice-Chairman,
Peoria ; H. L. Kellogg, Chief Engineer, Chicago.
Indiana
Department of Conservation.
Division of Geology, Indianapolis: Ralph Emerson Esarey,
State Geologist.
Interstate Oil Compact Commission, Oklahoma City, Oklahoma:
Charles L. Orr, Secretary; W. J. Holloway, Assistant Repre-
sentative. -
Iowa
Geological Survey, Iowa City: Arthur C. Trowbridge, Director.
Kansas
State Geological Survey, Lawrence: Raymond C. Moore, Direc-
tor and State Geologist; Kenneth K. Landes, Assistant Di-
rector and State Geologist.
Kentucky
Department of Mines and Minerals
Geological Division, Lexington: D. J. Jones, State Geologist;
Louise Barton Freeman, Assistant Geologist.
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Michigan
Department of Conservation
Geological Survey Division, Lansing: R. A. Smith, State
Geologist; F. G. Pardee, Mining Engineer; 0. F. Poin-
dexter, Economic Geologist.
Institute for Fisheries Research, Ann Arbor: A. S. Hazzard,
Director; C. J. D. Brown, Aquatic Biologist.
Missouri
Bureau of Geology and Mines, Rolla: H. A. Buehler, Director
and State Geologist; H. S. McQueen, Asst. State Geologist.
Montana
Bureau of Mines and Geology, Butte: Harold W. Scott, former
staff member, Urbana, Illinois.
Nebraska
Conservation and Survey Division, Geological Survey, Lincoln:
G. E. Condra, Director; M. K. Elias, Paleontologist.
Oklahoma
Geological Survey, Norman: Darsie A. Green, Olney, Illinois.
Pennsylvania
Topographic and Geological Survey, Harrisburg: Parke A.
Dickey, Senior Geologist.
Philippine Islands, Bureau of Mines: Dean F. Frasche, staff
member, Madison, Wisconsin.
U. S. Department of Agriculture: Ralph E. Musser, Regional
Conservator for Soil Conservation Service, Madison, Wisconsin.
Bureau of Entomology and Plant Quarantine: P. N. Annand,
Assistant Chief ; C. F. W. Muesebeck, Principal Entomologist,
Washington, D. C.
Bureau of Plant Industry: A. M. Brunson, Agronomist, La-
fayette, Indiana.
Forest Service: J. Alfred Hall, Director, Central States Forest
Experiment Station, Columbus, Ohio; Arlie W. Toole, Illi-
nois Forest Supervisor, Harrisburg, Illinois.
Soil Conservation Service: H. H. Bennett, Chief, Washington,
D. C.
U.'S. Department of the Interior
Bureau of Mines: Oliver C. Ralston, Chief Engineer Non-
metals Division; Paul M. Tyler, Chief Engineer Nonmetals
Economics Division, Washington, D. C.
Fish and Wildlife Service: Ira N. Gabrielson, Chief; A. M.
Day, Chief, Federal Aid in Wildlife Restoration; Leo K.
Crouch, Assistant Chief, Wildlife Research, Washington, D. C.
Geological Survey: Hugh D. Miser, Geologist in Charge,
Geology of Fuels, Washington, D. C.
National Park Service: Carroll H. Wegemann, Regional Ge-
ologist, Omaha, Nebraska.
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Virginia
Commission on Conservation and Development, Geological Sur-
vey, University: Arthur Bevan, State Geologist.
Winnebago County Forest Preserve District, Rockford, Illinois:
H. O. Lundgren, Forester.
Wisconsin
Conservation Department, Madison: Edward Schneberger,
Chief Biologist; Walter Scott, Game Management Division.
UNIVERSITIES AND COLLEGES
Clark University, Worcester, Massachusetts: J. Herbert Burgy,
Alumnus, Urbana, Illinois.
Columbia University, New York City: Jesse J. Galloway, Alum-
nus, Bloomington, Indiana.
Eastern Illinois State Teachers College, Charleston: Charles S.
Spooner, Professor of Zoology; Norman Carls, Associate Pro-
fessor of Zoology.
Illinois College, Jacksonville: Willis DeRyke, Professor of
Biology.
Illinois Institute of Technology, Chicago: L. E. Grinter, Vice-
President.
Illinois State Normal University, Normal: H. O. Lathrop, Head
of Geography Department; L. A. Holmes, Assistant Professor
of Geography.
Illinois Wesleyan University, Bloomington: M. T. Townsend, Pro-
fessor of Biology; J. R. Watt, Assistant Professor of Biology.
James Millikin University, Decatur, Illinois: John C. Hessler,
President; F. C. Hottes, Professor of Biology.
Loyola University, Chicago: Richard T. O'Connor, Assistant Pro-
fessor of Physics ; Louis W. Tordella, Assistant Professor of
Mathematics.
Michigan College of Mining and Technology, Houghton: Harold
L. Walker, Alumnus, Urbana, Illinois.
Missouri School of Mines and Metallurgy, Rolla: Wm. R. Chedsey,
Director.
North Central College, Naperville, Illinois: Harold J. Eigenbrodt,
Professor of Biology.
Northwestern University, Evanston, Illinois: Charles H. Behre,
William Deering Professor of Economic Geology; John R. Ball,
Associate Professor of Geology and Paleontology.
Princeton University, Princeton, New Jersey: Albert H. Lybyer,
Alumnus, Urbana, Illinois.
Principia College, Elsah, Illinois: Percival Robertson, Professor
of Chemistry and Geology; George B. Happ, Professor of
Biology.
Purdue University, Lafayette, Indiana: W. V. Lambert, Associate
Director, and E. R. Martell, Chief in Forestry and Conserva-
tion, Agricultural Experiment Station.
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Rensselaer Polytechnic Institute, Troy, New York: Fayette S.
Warner, Alumnus, Chicago, Illinois.
Southern Illinois Normal University, Carbondale: Fred R. Cagle,
Director of Museum.
University of Arkansas, Fayetteville: J. Norman Payne, Alumnus,
Urbana, Illinois.
University of Chicago, Chicago: Gilbert H. Cady, Alumnus, Ur-
bana, Illinois.
University of Illinois, Urbana, Illinois.
College of Agriculture and Agricultural Experiment Station:
H. P. Rusk, Dean and Director; W. L. Burlison, Head,
Agronomy Department.
College of Engineering and Engineering Experiment Station:
M. L. Enger, Dean and Director; C. W. Parmelee, Head,
Department of Ceramic Engineering.
College of Fine and Applied Arts: Rexford Newcomb, Dean;
L. H. Provine, Head, Department of Architecture.
College of Liberal Arts and Sciences: M. T. McClure, Dean.
Department of Bacteriology: Fred Wilbur Tanner, Head.
Department of Botany: John T. Buchholz, Head; Neil E.
Stevens, Professor.
Department of Chemistry: Roger Adams, Head.
Department of Entomology: William P. Hayes, Professor;
W. V. Balduf, Associate Professor.
Department of Geology: Frank W. DeWolf, Head.
Department of Zoology: V. E. Sheleord, Chairman; H. J. Van
Cleave, Professor.
University of Indiana, Bloomington: Ralph Emerson Esarey, As-
sistant Professor of Geology.
University of Iowa, Iowa City: M. M. Leighton, Alumnus, Ur-
bana, Illinois.
University of Kentucky, Lexington: Robert Graham, Alumnus,
Urbana, Illinois.
University of Michigan, Ann Arbor: Carl L. Hubbs, Professor of
Zoology; William H. Burt, Instructor in Zoology.
School of Forestry and Conservation: S. A. Graham, Professor
of Economic Zoology; E. C. O'Roke, Associate Professor of
Economic Zoology ; H. M. Wight, Associate Professor of
Economic Zoology.
University of Minnesota, Minneapolis: Frederick C. Hottes,
Alumnus, Decatur, Illinois.
University of Nebraska, Lincoln: Richard H. Flynn, Alumnus,
Urbana, Illinois.
University of North Carolina, Chapel Hill: Paul L. Knapp, Alum-
nus, Urbana, Illinois.
University of Western Ontario, London, Ontario, Canada: J. D.
Detwiler, Professor.
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Western Illinois State Teachers College, Macomb: F. H. Currens,
Dean of Faculty; A. G. Tillman, Head, Geography Department.
Yale University, New Haven, Connecticut: Ralph E. Grim, Alum-
nus, Urbana, Illinois.
SOCIETIES, RESEARCH AND TRADE ORGANIZATIONS
American Association for the Advancement of Science, Washing-
ton, D. C: Henry Baldwin Ward, Executive Committee,
Urbana, Illinois.
American Association of Economic Entomologists: J. J. Davis,
Past-President, Lafayette, Indiana; P. N. Annand, Executive
Committee, Washington, D. C.
American Association of Nurserymen: Arthur H. Hill, Executive
Committee, Dundee, Illinois.
American Ceramic Society, Columbus, Ohio: J. L. Carruthers,
President, Columbus; A. I. Andrews, Past-President, Urbana,
Illinois.
American Chemical Society—Chicago Section: Roger Adams, Past-
President of the Society, Urbana, Illinois.
American. Fisheries Society: T. H. Langlois, Past-President, Put-
In-Bay, Ohio ; Carl Hubbs, Past Vice-President, Lansing, Michi-
gan.
American Foundrymen's Association, Inc., Chicago, Illinois: H.
Ries, Director of Foundry Sand Research, Ithaca, New York;
N. F. Hindle, Assistant Secretary, Chicago, Illinois.
American Institute of Mining and Metallurgical Engineers, New
York City, New York: E. H. Robie, Assistant Secretary.
Chicago Section: Otis L. Jones and A. S. Nichols, Members,
Joliet, Illinois.
Industrial Minerals Division: W. M. Weigel, Chairman, St.
Louis, Missouri ; F. H. Reed, Secretary, Urbana, Illinois.
St. Louis Section: Jean McCallum, Chairman; Carl Tolman,
Secretary, St. Louis, Missouri.
American Mining Congress, Washington, D. C. : William J. Jenkins,
Member Executive Committee, St. Louis, Missouri.
American Phytopathological Society: H. W. Anderson, Council
Member and Past-President, Urbana, Illinois.
American Society of Civil Engineers, New York City: A. N.
Talbot, Past-President.
Central Illinois Section: R. P. Hoelscher, Vice-President, Ur-
bana, Illinois.
American Society of Mechanical Engineers, New York City: O. A.
Leutwiler, Past Chairman of the Standards Committee, Urbana,
Illinois.
Illinois Chapter: William C. Malloy, Member, Urbana, Illinois.
American Society of Naturalists: E. J. Kraus, Member, Chicago.
American Wildlife Institute, Washington, D. C: J. Paul Miller,
Secretary.
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Association of American State Geologists: Richard A. Smith,
President, Lansing, Michigan.
Batelle Memorial Institute, Columbus, Ohio: Ralph A. Sherman,
Supervisor, Fuels Division; John D. Sullivan, Chief Chemist.
Botanical Society of America: E. N. Transeau, President; H. C.
Sampson, Member, Columbus, Ohio.
Carnegie Institute of Washington—Geophysical Laboratory—Wash-
ington, D. C: E. F. Osborn, Staff Member.
Champaign Chamber of Commerce, Champaign, Illinois: H. I.
Gelvin, President; Royal B. McClelland, Secretary.
Chicago Academy of Sciences, Chicago, Illinois: H. K. Gloyd,
Director; V. O. Graham, Secretary.
Coal Producers Association of Illinois, Pana: Glenn A. Shafer,
Secretary; Dorwin Richardson, Member.
Ducks Unlimited, Inc.: L. H. Barkhausen, Chairman for Illinois;
George H. Barkhausen, Assistant Chairman for Illinois ; Arthur
M. Bartley, Chicago.
Ecological Society of America: George D. Fuller, Past-President,
Chicago.
Engineers Club of St. Louis, St. Louis, Missouri: Harry F. Thom-
son, Member.
Entomological Society of America: C. E. Mickel, Secretary-Treas-
urer, St. Paul, Minnesota.
Entomological Society of Ontario: Arthur Gibson, Dominion En-
tomologist, Ottawa, Canada.
Entomological Society of Washington: C. F. W. Muesebeck,
President, Washington, D. C.
Franz Theodore Stone Laboratory of the Ohio State University:
Thomas H. Langlois, Director, Put-In-Bay, Ohio.
Friends of Our Native Landscape: George D. Fuller; Honorary
Vice-President; C. B. Andrews, First Vice-President, Chicago.
Geographic Society of Chicago: Charles H. Behre, Jr., Vice-
President, Evanston, Illinois.
Geological Society of America, New York City ; Charles H. Behre,
Fellow, Evanston, Illinois.
Greenkeeping Superintendents Association: A. L. Brandon, Sec-
retary-Treasurer, St. Charles.
Illinois Agricultural Association, Chicago: John R. Spencer, Di-
rector, Soil Improvement.
Illinois Association of County Superintendents of Highways:
Walter C. Dye, Superintendent, Vermilion County, Danville;
R. F. Fisher, Superintendent, Champaign County, Urbana.
Illinois Audubon Society: C. W. G. Eifrig, President, River Forest;
Earl Wright, Director, Chicago.
Illinois Biology Teachers Association: H. J. Fuller, Member,
Urbana.
Illinois Chamber of Commerce, Chicago: G. C. Ferris, Executive
Vice-President.
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Illinois Coal Operators Association, Chicago: M. F. Peltier, Presi-
dent; T. J. Thomas, Director.
Illinois Coal Strippers Association, Chicago: James W. Bristow,
Secretary.
Illinois Crop Improvement Association: E. G. Sieveking, President,
Bloomington ; W. E. Riegel, Secretary-Treasurer, Tolono
; J. C.
Hackleman, Advisor, Urbana.
Illinois Federation of Sportsmen's Clubs: H. Ray Myers, Presi-
dent, Decatur ; William T. Lodge, Executive Secretary, Monti-
cello; Royal B. McClelland, Past-President, Champaign.
Illinois Federation of Women's Clubs: Mrs. F. Percy Boynton,
Treasurer; Mrs. A. J. Pohlman, Past-Art Chairman, Chicago.
Illinois-Indiana Petroleum Association, Robinson, Illinois: Alex
U. McCandless, President ; Lee Mulvihill, Executive Secretary.
Illinois Mineral Industries Committee: T. J. Thomas, Chairman;
C. C. Whittier, Secretary, Chicago.
Illinois Mining Institute, Chicago: M. M. Leighton, President,
Urbana
; J. A. Jefferis, Vice-President and B. E. Schonthal,
Secretary-Treasurer, Chicago.
Illinois Society of Engineers: W. D. Gerber, Past-President and
Honorary Member, Urbana.
Illinois State Academy of Science: V. O. Graham, President, Chi-
cago ; R. F. Paton, Secretary, Urbana.
Illinois State Archaeological Society: John B. Ruyle, President,
Champaign.
Illinois State Florists Association: Leonard H. Vaughn, Presi-
dent, Western Springs ; William A. Loveridge, Secretary, Peoria.
Illinois State Horticultural Society: O. G. Jones, President, Mt.
Sterling; L. N. Colp, Vice-President, Carterville; Joe B. Hale,
Secretary, Kell.
Illinois State Nurserymen's Association: Ernest Kruse, President,
Wheeling; Arthur E. Schroeder, Director, Des Plaines.
Illinois State Vegetable Growers Association: Louis Wetterman,
President, Des Plaines ; C. E. Durst, Director, Urbana.
Independent Oil Producers Association of Illinois, Centralia: John
Pugh, President ; G. H. Blankenship, Vice President.
Izaak Walton League of America
National Division, Chicago: Tappen Gregory, President; Ken-
neth A. Reid, Executive Secretary.
Illinois Division: Stanley H. Simpson, President, Chicago;
Joseph Duner, Treasurer, Wheaton ; Vernon Lyon, Secretary,
Pekin; Robert Smart, Director, Chicago; Earl Gromer, Di-
rector, Elgin.
Champaign County Chapter: A. J. Cope, Jr., President, Urbana;
Carl Dieckmann, and H. T. Willis, Members, Champaign.
John G. Shedd Aquarium, Chicago: Walter H. Chute, Director;
William H. Brunsktll, Assistant Director.
Kansas Entomological Society: W. P. Hayes, Member, Urbana,
Illinois.
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NATURAL RESOURCES
BUILDING
ERECTED 1939
TO SERVE THE GEOLOGICAL AND NATURAL
HISTORY SURVEYS. THE GEOLOGICAL SURVEY
WAS ESTABLISHED IN 185 1 AND RE-ESTABLISHED
IN 1905. THE NATURAL HISTORY SURVEY
ACTIVITIES DATE FROM THE STATE NATURAL
HISTORY SOCIETY OF 1862, THE OFFICE
OF STATE ENTOMOLOGIST OF 1867 AND THE
STATE LABORATORY OF NATURAL HISTORY
OF 1871. BOTH SURVEYS WERE ORGANIZED
FOR RESEARCH AND EXTENSION PURPOSES
AS AN AID TO THE DEVELOPMENT AND
CONSERVATION OF THE RICH NATURAL
RESOURCES OF THE STATE OF ILLINOIS.
THIS BUILDING WAS CONSTRUCTED TO
PROVIDE INCREASED FACILITIES FOR THE
EMPLOYMENT OF MODERN SCIENCE IN
FURTHERING THESE OBJECTIVES.
ERECTED IN CO-OPERATION
WITH THE
UNIVERSITY OF ILLINOIS
INSCRIPTION IN FOYER »
Take interest, I implore you, in those sacred
dwellings which one designates by the expres-
sive term Laboratories. Demand that they be
multiplied, that they be adorned. These are
the temples of the future—temples of well-
being and of happiness. There it is that hu-
manity grows greater, stronger, better.
—Pasteur
Limnological Society of America: Paul S. Welch, Secretary-
Treasurer, Ann Arbor, Michigan; Raymond C. Osburn, Mem-
ber, Columbus, Ohio.
Mellon Institute of Industrial Research, Pittsburgh, Pennsylvania:
*W. F. Henderson, Chicago, Illinois.
Midwest Greenkeepers Association: A. L. Brandon, Chairman,
Research Committee, St. Charles, Illinois; Harold Clemens,
Research Committee, Northbrook, Illinois; John MacGregor,
Research Committee, Wheaton, Illinois.
Mineralogical Society of America: W. S. Bayley, Past-President,
Urbana, Illinois.
More Game Birds in America: Arthur M. Bartley, Vice-Presi-
dent, Chicago.
National Academy of Sciences, Washington, D. C: William A.
Noyes, Member, Urbana, Illinois.
National Association of Audubon Societies, New York City: Aldo
Leopold, Director, Madison, Wisconsin.
National Shade Tree Conference: L. C. Chadwick, Secretary-
Treasurer, Columbus, Ohio; Frank Hanbury, Executive Com-
mittee, Peoria, Illinois.
National Lime Association, Washington, D. C: S. Walter Stauf-
fer, President.
National Wildlife Federation, Washington, D. C. : H. B. Ward,
Chairman Committee on Conservation Education, Urbana, Illinois.
New York Zoological Society, New York City: Charles M.
Breder, Jr., Director, Aquarium.
Paleontological Society: G. E. Condra, Member, Lincoln, Nebraska;
Carey Croneis, Member, Chicago, Illinois.
Peoria Academy of Science, Peoria, Illinois: James H. Sedgwick,
President; John Voss, Vice President.
Society of American Florists and Ornamental Horticulturalists and
Allied Florists of Chicago: Alec Henderson, President, Chi-
cago; W. B. Shotwell, Member, Fargo, North Dakota.
,
Society of American Foresters: Shirley W. Allen, Council, Ann
Arbor, Michigan.
Society of Economic Geologists: F. W. DeWolf and M. M.
Leighton, Members, Urbana, Illinois.
Society of Economic Paleontologists and Mineralogists: Carey
Croneis, President, Chicago, Illinois.
United Mine Workers of America, District 12: John R. Rippon,
Board Member, District 3, Westville, Illinois.
Urbana Association of Commerce, Urbana, Illinois.; Lester L.
Corrie, President; M. M. Hickman, Secretary.
Western Society of Engineers, Chicago, Illinois: J. R. Van Pelt,
Past-President.
Wilderness Society: Henry Baldwin Ward, Member, Urbana;
Kenneth Reid, Member, Chicago.
Wildlife Society: Warren W. Chase, Treasurer, Des Moines, Iowa.
Wilson Ornithological Club: Lawrence E. Hicks, President; Dan-
iel L. Leedy, Member, Columbus, Ohio.
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-Arcknowledt
Substructure, general: English Bros., General Contractors, Cham-
paign, 111.
Superstructure, general: James McHugh, General Contractor, Chi-
cago, 111.
Plumbing: Economy Plumbing and Heating Co., Chicago, 111.
Mechanical services: Mehring and Hanson Co., Chicago, 111.
Heating: Robert E. Murphy Plumbing and Heating Co., Chicago, 111.
Pipe covering: Asbestos, Asphalt and Insulation Manufacturing
Co., Chicago, 111.
Electrical: E. A. Koeneman Electrical Company, St. Louis, Mo.
Switchboard: General Electric Co., Springfield, 111.
Elevator: Otis Elevator Co., Chicago, 111.
Movable furniture: General Fireproofing Company of Illinois,
Chicago. 111.
Laboratory furniture: Laboratory Furniture Co., Inc., Long Island
City, New York.
Installation of laboratory furniture: Arthur W. Murray Co., Plumb-
ing and Heating, Hoopeston, 111.
Aquaria: Jewel Aquarium Co., Chicago, 111.
Special cases: Art Metal Construction Co., Jamestown, New York.
Parking and driveway: Frank A. Somers Co., Inc., Urbana, 111.
Grading and seeding grounds: Irving L. Peterson, Contractor,
Champaign, 111.
Landscaping work: Hinsdale Nurseries, Inc., Hinsdale, 111.
Venetian blinds and shades: Advance Venetian Blind Corporation,
Chicago, 111.
Awnings: The R. H. Armbruster Manufacturing Co., Springfield,
111.
Greenhouses: Lord and Burnham Co., Greenhouse designers and
manufacturers, Des Plaines, 111.
Ventilating: Mellish and Murray Co., Chicago, 111.
Decorating: M. Christiansen and Co., Painting and Decorating,
Chicago, 111.
Floor covering: General Floor Corporation, Chicago, 111.
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ADDRESS BY THE PRESIDING OFFICER
By
Edson S. Bastin
Presiding Officer: Vice-Chairman, Board of Natural Resources and Conservation: and
Chairman, Department of Geology, University of Chicago
IT
will be a great disappointment to you
as it is to me that the Honorable John
J. Hallihan, Director of the Depart-
ment of Registration and Education and
Chairman of the Board of Natural Re-
sources, who was to have presided at this
meeting, cannot be here today. An impera-
tive summons to a conference in Washing-
ton has called him away. I know that his
disappointment is as keen as ours, for he
has had a deep and abiding interest in and
understanding of the work of the scientific
surveys, and it is due in no small measure
to his effective support that we are gathered
here today to dedicate this new building.
I cannot hope to function as graciously
and effectively as he would have done in
conducting this meeting, but I am glad out
of my regard and affection for him to accept
his mandate to serve in his stead.
We are gathered here nominally to dedi-
cate a new building for the State Geological
Survey and for the State Natural History
Survey and the chiefs and staffs of those
surveys have with great modesty and gener-
osity invited men outside their organizations
to be the principal participants in this dedi-
cation program.
I would fail grievously to catch the spirit
of this occasion, however, if I did not say
what I know is in my heart and yours
—
that this is, first of all, a celebration to do
honor to the many years of noble human
effort for the people of Illinois that has been
given by the men and women of the Geo-
logical Survey, the Natural History Sur-
vey, and the Water Survey. Secondly, it is
an occasion to bid these men and women
Godspeed with the improved facilities and
enlarged opportunities which the new build-
ing affords.
Thus back of and around the new build-
ing is the shining halo of human effort and
achievement by whose warmth and light this
building is truly blessed and is dedicated as
no words of ours can dedicate it.
Today it is appropriate that we should
look backward as well as forward, that we
should recall with pride and gratitude the
many years of magnificent public service of
that grand old pioneer in scientific achieve-
ment in the Middle West, Dr. Stephen A.
Forbes, for 53 years Chief of the Natural
History Survey and its progenitors, the State
Laboratory of Natural History and the
State Entomologists Office. It is appropri-
ate that we should pause to acknowledge
the splendid service as Director of the Geo-
logical Survey from 1905-9 of Dr. H. Fos-
ter Bain, distinguished mining geologist and
mineral economist, and the fruitful years of
service from 1909-1922 of his successor,
Professor Frank W. DeWolf, now Head
of the Department of Geology of this Uni-
versity. We should pause also to recall the
fine record of public service of three former
chiefs of the State Water Survey, Professor
Arthur W. Palmer, who served from 1895
to 1904, Professor Samuel W. Parr, 1904-
1905, and Professor Edward Bartow, 1905-
1920. To these and to their associates, no
less than to the present chiefs and staffs of
the scientific surveys, we acknowledge our
indebtedness today.
The members of the Board of Natural
Resources, under whose general supervision
the three scientific surveys function, have
been happy to contribute of their knowledge
and experience to the broader guidance of
the work of the surveys, but there is no mis-
apprehension in our minds, as I know there
is not in yours, as to where the prime re-
sponsibility for the surveys' work falls and
where the credit for a distinguished record
of accomplishment belongs. To the Chiefs
of the Surveys—Dr. M. M. Leighton of
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the Geological Survey, Dr. T. H. Frison to thei:
of the Natural History Survey, and Dr. lations
A. M. Buswell of the Water Survey—and to come
ir able staffs we extend our congratu-
and our good wishes for the years
THE STATE SCIENTIFIC SURVEYS OF ILLINOIS*
William A. Noyes
Secretary of the Board of Natural Resources and
Conservation, and Professor of Chemistry•, Emeritus,
University of Illinois
The Board of Natural Resources andConservation is a non-political organ-
ization, the members of which are
appointed by the governor of the State but
are selected because of their expert scien-
tific training in lines closely related to the
work of the State Surveys. The original
board was appointed in 1917 by Governor
Lowden and included such men as T. C.
Chamberlin and John M. Coulter, of the
University of Chicago. William Trelease
and I of the University of Illinois were also
appointed by Governor Lowden and have
been reappointed by successive governors,
irrespective of their political affiliations or
of ours. The board controls the work of
the surveys and approves all appointments
of the employees, including the chiefs. No
member of the staffs of the surveys has ever
been appointed for political reasons.
The Geological and Natural History
Surveys are housed in the building which
we dedicate today. The building has been
constructed with funds supplied by the
State to the Department of Education and
Registration. The Federal Government has
also furnished, through the P.W.A., a very
considerable part of the fund used.
The State Water Survey has its office and
laboratories in quarters furnished by the
University of Illinois in the chemistry build-
ing. The State Water Survey studies the
water resources of the State, which have a
value of more than 50 million dollars an-
nually, in spite of the fact that water is said
to be free as air. During recent years it has
developed methods of fermenting the organic
matter of industrial wastes which were for-
merly allowed to run off in the streams,
killing the fish in some of our large rivers.
The fermentation yields methane, a gas used
for heat and power, and worth enough to
pay for the cost of the process. Very re-
cently the survey has been studying the
structure of the water molecule in cooper-
ation with the division of physical chemistry
in the department of chemistry. The results
are of great importance scientifically and
also of value in biology and in industry.
The members of the State Water Survey
have recently been called upon to do im-
portant work for the national defense.
The Geological Survey has become an
integral factor in the industrial develop-
ment of the State. Its researches aid the
mining and quarrying industries, those man-
ufacturing industries which use minerals as
raw materials, the various railroads in their
development of industries along these lines,
engineers engaged in the design and con-
struction of large structures, bridges and
pavements, and cities and industries through-
out the state who seek more adequate sources
of ground waters. It helps the clay indus-
tries of the State. The large coal resources
of the State are also of great importance.
All these are of vital consequence to our
standards of living. In certain phases of its
work the Geological Survey cooperates with
the Department of Ceramic Engineering
and the Department of Mechanical Engi-
neering of the Engineering Experiment Sta-
tion and with the Department of Geology
of the University of Illinois, and also with
the Departments of Geology of the Uni-
versity of Chicago and Northwestern Uni-
versity. The Geological Survey is en-
trusted the topographic mapping of the
State, and in this work it cooperates with
the U. S. Geological Survey.
With national defense looming large, the
mineral resources of Illinois, located in the
interior of the continent, promise greater
development. In 1938, the value of the
*First published in Science, December 27, 1940, vol. 92,
no. 2400, pages 592-594.
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mineral production was 160 million dollars,
and in 1939 it was 283 million dollars, an
increase of 123 million dollars. Significant
is the fact that Illinois' new oil fields, in
whose development the Geological Survey
played an important part, produce three
times as much oil as the fields of Rumania
produced just before the opening of the
present world war. With industry neces-
sarily playing a vital part in the national
defense program, the Geological Survey's
contribution in research and advice will be
of greater value and in greater demand.
The Natural History Survey is concerned
with research of the State's great wealth of
renewable natural resources, those resources
that under adequate protection and wise
utilization are inexhaustible. In certain
phases of its work it cooperates intimately
with the Agricultural Experiment Station
of the University of Illinois.
Upon the results of the experiments of
the Natural History Survey are based con-
trol measures for the destructive insects and
diseases that threaten agricultural crops, in-
come from which approximates annually a
half billion dollars in value, the greenhouse
industry with its annual crop value of four-
teen million dollars and the forest industry
with its six million dollar annual income.
These figures do not include the income
from nursery products, truck crops and
numerous smaller but important industries
associated with some phase of agriculture or
with utilization of renewable natural re-
sources. When the destruction of a large
part of the corn crop was threatened by
chinch bugs a few years ago, it is estimated
that through the advice of the Natural
History Survey and the Agricultural Exper-
iment Station a loss of three million dollars
to the farmers of the State was prevented.
Upon the results of its studies are based
management practices intended to preserve
and increase the once abundant but long
neglected wild life of the State, the fish,
the furbearers, the waterfowl, the quail, the
prairie chicken and other upland birds. The
value to the people of Illinois of the wild-
life resources transcends their estimated
monetary value, which is over a million
dollars annually for furbearers, nearly half
a million dollars annually for waterfowl,
birds and small animals. The 400,000 Illi-
nois citizens who annually purchase fishing
licenses, the 280,000 who annually buy
hunting licenses find in their close associa-
tion with the outdoors an esthetic value far
above any monetary value they derive.
In times of international stress, the wild-
life resources of the state become of in-
creased value as a means of taking its citi-
zens into the open and of preserving their
mental balance and their collective sanity.
In times of national emergency, the food
resources of a country are its first line of
defense. Protection of its agricultural crops
from the ravages of insects and diseases is
a primary objective in any effective defense
program.
DEDICATION ADDRESS
OUR BETTER ORDERING AND PRESERVATION 1
Dr. Isaiah Bowman
President of the Johns Hopkins University
The title OF my address Is a phrasefrom one of the earliest documents
of American social history, the com-
pact made on board the Mayflower before
she reached Plymouth harbor. Since the
patent under which the company sailed
from home was drawn for Virginia and not
for New England, whither storms had de-
flected the ship, it was deemed necessary to
have a form of government adapted to the
new situation and to frame "laws for the
general good"—to prevent a few asocial
men in the company from imperiling the
enterprise. Before they set foot on the new
land of hope and liberty they drew up a
document constraining and defining each
man's liberty. It was the good of the whole
they sought, which implied recognition of
the harm that might result from the way-
ward course of the individual. To "com-
bine ourselves together into a civil body
politic, for our better ordering and preserva-
tion," was the first requirement. Whatever
the new land was to give or to deny, the
first problem was the choice of a social and
moral order under which they were to live.
It is significant that the text of the com-
pact is brief. They did not know what kind
of land it was, whether rich or poor. The
winter's privations were before them. They
shared the land with unpredictable savages.
They did not know how the members of
the company would get on together. In
short, they had to go forward from day to
day, and meet problems as they arose. The
important thing, after dedication of self-
government to the general good, was how
to agree on what to do, whatever it was
that they would find it good to do. That
is the core of the document. If laws were
to be for the general good, men were to
obey whatever should be agreed upon by the
company. We recall this sound principle
on an occasion devoted to conservation in
1940 because loose talk about individualism
and free enterprise may have blinded us to
the fact that there never was free enterprise
in America except on the part of the trapper
and hunter and then only when he went
outside the bounds of settlement. Anything
having to do with social living is not free
but bound by "the general good," and it has
been so from the far beginnings of settle-
ment in America
—
in Virginia, at Plymouth,
in Maryland and Georgia, and no less in
Illinois as shown by the provisions for a
popular assembly, judicial procedures and
education, in the Ordinance for the Govern-
ment of the Territory of the United States
Northwest of the Ohio, confirmed by the
Congress of 1789.
There is something so pervasive in the
influence of the men who wrote the May-
flower compact as well as other early New
England settlers and their descendants upon
American intellectual and material develop-
ment that it can not have been chance that
won for their codes and systems such wide
allegiance on the part of successive genera-
tions of westward-spreading settlements.
The essence of their community ordering
has had continuing significance : it is vital to
our system of living to-day. If this be true,
the recognition is especially useful at a time
when we meet to look along the road ahead,
when we try to see the present meaning of
that "wise and continuing use" of our nat-
ural resources, as Theodore Roosevelt ex-
pressed the purpose of conservation.
Writing in 1858, John Gorham Palfrey
in his "History of New England" well
expressed the principle of the "better order-
ing and preservation" of the Plymouth
1 First published in Science, vol. 93, no. 2409, Feb. 28,
1941.
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Plantation. He said that the people of early
New England formed "a distinct character
by its own discipline, and was engaged at
work within itself, on its own problems,
through a century and a half." At work
within itself by its own discipline! Other
leaders, other emphases. More than two
centuries after the landing at Plymouth
John C. Calhoun was to plead, in his en-
thusiasm for internal improvements, "Let
us conquer space." Whatever impedes the
intercourse of the extremes with the center
of the country at Washington, he argued,
weakens the Union. Social intercourse
would be promoted by wider and swifter
"commercial circulation" over extended
roads and canals, the people would be bound
together socially and politically, thus avoid-
ing the estrangements that might other-
wise follow our perilously rapid territorial
growth. But what was it that he would
bind together? Just people, communities?
Back of his question lay a deeper one. Cal-
houn did not say what was going on in the
communities that were to be so bound or
how he would improve them. The question
is all-important, for if we have not im-
proved the people of a country we have not
improved the country at all.
Settlement in America, Palfrey explains,
meant not only the arrival of European
colonists, "but the framing and establishing
of that social system, under which, through
successive generations, their descendants
have been educated for the part which they
have acted in the world." When the settle-
ments of New England were at work with-
in themselves they were framing a social
system ; that is to say, they were making a
choice of values—they were accepting this
and rejecting that. They were establishing
something they had thought about, some-
thing that had been deliberately chosen by
the community. They did not look to Edu-
cation with a capital E to set everything
straight, as some of our modern critics are
inclined to do. What happened to a young
man or woman after school years was also
important. In Palfrey's phrase, successive
generations of descendants were educated
under a social system that had been framed
and established (and we may add modified)
for the general good. A largely unmixed
group of communities of English origin,
the New England settlements were able to
maintain their identity unimpaired, to re-
main homogeneous and in a certain degree
of seclusion from the rest of America, to
develop a character, to choose values de-
liberately, to order and preserve that which
they believed to be good.
A former Justice of the Supreme Court
of the United States recently stated that
the times called for a return to "morality,"
defined as that which men and women
through long discussion, observation and
agreement about experience of social living
have found to be good and have built into
community character. This reads like a
gloss on John Morley's conclusion ("On
Compromise," 21-22), "Moral principles,
when they are true, are at bottom only
registered generalisations from experience."
Vital to the general good is a sense of mor-
ality, felt, inculcated and built into a demo-
cratic society. It is fatuous, continues Mor-
ley, to believe that "a government may de-
press the energy, the self-reliance, the pub-
lic spirit of its citizens, and yet be able to
count on these qualities whenever the gov-
ernment itself may have broken down—."
To flout experience and deny the possibility
of ensuing evil condemns any system, how-
ever noble its humanitarian pretensions.
Valuable as Morley's commentary may
be, our "better ordering and preservation"
require an extension of his definition of pub-
lic morality if applied to our times and
problems. Finding ourselves confronted
with problems hitherto considered insoluble,
we are obliged to experiment. Our re-
sources are not what they once were, our
population has been thrown in upon itself,
the different purposes and values of land
have already overlapped, we have to make
many more choices between two goods and
not merely a choice between good and bad.
A recent report upon the national wealth of
Great Britain, made for the purposes of
national defense, has shown that while the
land is worth £620,000,000, the buildings
are worth £4,600,000,000, or seven times
as much. Building or destroying a house
or planting or wasting an acre now repre-
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sents a choice by more than the individual
and the choice must be made for the general
good. From the standpoint of engineering,
England is now fully occupied: the whole
of it is an industrial plant. Her cities can
not grow much more without reaching the
limit of possible service in water supply,
thus getting in the way of each other. The
food demand has long since outrun the do-
mestic supply, and naval strength and food
are tied together inexorably. A battleship
is a machine shop supported by a vast num-
ber of other intricately related machine
shops, mines, aptitudes and skills. Govern-
ment in such a land is necessarily a business,
a whole people's business, and much of it
is new business and new experience as well
as new or revised morality.
In this country we are following the same
road at a slower pace. If we greatly extend
our foreign commerce, and if our population
continues to increase and, what is more im-
portant, to require a yet higher standard of
living, we shall find ourselves greatly multi-
plying the number of choices we have to
make between one kind of ordering and
another. We can not just grow and pay no
attention to the social strains of growth, as
if increase of size were itself a virtue. As a
matter of fact, as a thing gets beyond a
certain scale or size, it gradually ceases to
be the original thing and becomes something
different. In a motor-car collision at ten
miles an hour you may be hurt; at fifty
miles an hour you are not hurt five times as
severely, you are dead! The general good
requires us to adapt our choices of laws to
changes in social aims and character that
growth inevitably brings.
It is clear from the events of the past
twenty years that the time has come when
America must take a good look at itself in
the mirror of experience. Filled with
people, some of the land that we have used
or destroyed or wastefully exploited has be-
gun to dehumanize some of its occupants.
We have reached the point where civiliza-
tion is a disease, not merely for conquered
savages that we "protect" but for those
among us who live on wasted inheritances
of soil, minerals, blood. When civilization
piles up evil features it is time to refer to
"the general good." It is time to work
harder within ourselves under our own dis-
cipline, as Palfrey phrased it. It is time to
look at the morality of things-as-they-are.
Woodrow Wilson saw that time coming:
"Presently there will come a time when
America . . . will be obliged to pull herself
together, adopt a new regimen of life, hus-
band her resources, concentrate her strength,
trust her best, not her average members."
This inescapable thought runs through
American history. It is not a novelty of
to-day or a careless improvisation to meet
a sudden emergency. In this State of Illi-
nois Abraham Lincoln began his career,
made his nationally known House Divided
speech, set the purposes of his life. I may
appropriately quote him in reference to the
distinctive purpose of American society. In
his first annual message delivered in Decem-
ber, 1861, he defined the war aims of the
Union. He said it is "a struggle for main-
taining in the world that form and sub-
stance of government whose leading object
is to elevate the condition of men—to lift
artificial weights from all shoulders; to
clear the paths of laudable pursuit for all;
to afford all an unfettered start, and a fair
chance in the race of life."
It is in the mood of our times to regard
the choice of social values, or agreement
about our "regimen of life," as matters po-
litical, as symbols of unrest, as a desire for
revolutionary change. Only the historically
blind and deaf could so regard them. Each
age has its crisis that lifts men and leads
to the higher development of intellectual
and spiritual powers: "depth and passion
and resource are needed for stormy times,"
and the times help exhibit if they do not
make the qualities. Out of crisis and clash
of interests come the new choices of values
and things to be conserved, and equally of
values and things that must go by the board.
The "Rolls of Parliament" for fourteenth
century England are full of petitions sub-
mitted by merchants, for the suppression of
weirs, locks and mills, that "thwarted" the
streams and were detrimental to "the pass-
age of ships and boats on the great rivers
of England." Roads were bad and even rich
merchants, like common peddlers, had to
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travel over muddy roads. Travel by water,
if possible, was a safer and more comfort-
able way of reaching the numerous fairs
where itinerant merchants did their most
important business. Without telegraph or
railway post, travel in those times was much
less for pleasure than from necessity. What-
ever blocked the streams blocked commerce.
Parliament had to choose between the mill
and the ship, between the miller and /the
merchant. Now the choice was one way,
now another.
Principles grew out of this experience
and they survive as active forces all over
America as in England, in your State of
Illinois, in my State of Maryland, as sur-
vivals of earlier centuries of English ex-
perience. Even five hundred years ago there
could not be free enterprise except within
the limits of compromise of conflicting
claims with the general good in view. Those
who challenged authority, because of a right
denied, almost always won out in the end,
whatever their personal fate. Over five
hundred years ago John Ball, a priest, was
drawn, hanged, beheaded and quartered, be-
cause he made too much fuss about the gen-
eral good. He traveled widely and preached.
What he said seems mild to-day. One of
his surviving lines is, "They dwell in fayre
houses, and we have the pain and traveyle,
rayne and wynde in the feldes."
There is rising in this country a belief
that loyalty can be made a living principle
only if we agree that the first mortgage
upon our future talent and time, after
national defense, is laid by the problem of
unemployment. This belief will be pressed
home by our preparations for national de-
fense. You can not ask a hungry man to
get excited about saving the country. He
will ask, whose country? Proposition num-
ber one in our national policy should be
that no one shall go hungry, and this means
that no one who desires to work shall be left
unemployed. The "general good" invites
each man to try his talents, and develop his
powers through education, provided not at
his expense but at the expense of the tax-
payer. The community says, "Let's see what
you can do and what you are, worth. After
that you must take your chances and do
what your aptitudes indicate that you can
do in unhandicapped competition with the
rest." When that has been done, liberty
becomes in such a man, or should become,
a thing alive and substantial. We can then
expect that a man's faith and confidence
become joined to his sense of liberty. Steep
and precarious as the road to this high level
may be, we have no choice but to take it.
The Promised Land is widely diffused pros-
perity. The opportunities and risks must be
matched by courage. We can speak of the
remedial future in no other terms.
And we can not deal with the future at
all unless we employ the imagination: "a
faultless judgment on the circumstances of
the present is not enough." It has been said
that a practical man is a man who practises
the blunders of his predecessors, but it is
fairer to say, with Buchan, that a profound
practical intelligence is a rarer thing than
seminal idealism. Concocting things in a
study may be sheer waste unless joined with
experience. Practical men and politicians
have this in common that they are able "to
devote extraordinary abilities to the propa-
gation of commonplace views. . . . Their
function is not to carry flame but weight
I have been quoting from the late H. A.
L. Fisher, warden of New College, Oxford,
historian and man of wide acquaintance and
experience. Hear his conclusion of the mat-
ter:
"The great statesmen of the world have
had a very concrete sense of human realities.
They have not lived in a world of abstrac-
tions, but have always kept before them the
vision of men and women and children, for
the most part poor and struggling, and,
therefore, quick to feel the inequalities and
imperfections of Government. The stuff of
which politics is made is in reality very
simple—bread, coal, clothing, meat, houses,
and land. To help improve the common lot
—this is the ambition which makes, and will
continue to make, the biggest and most gen-
erous men in any society desire to take up
politics." 2
In the examples that I have cited, in the
moralities concerned with the general good,
2
"Pages from the Past," 1939, p. 215.
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in my remarks about the politician and the
practical man in relation to our remedial
future, I have been trying to approach the
detailed questions of conservation in the
light of principle. I have referred to the
hungry man and the unemployed man for
the same reason. It is no good at all to
study the gypsum and lead deposits of the
State of Illinois, or look into' the conserva-
tion of oil and gas deposits, or lower the rate
of soil erosion, or improve the health of
your people, or reduce the damage of insect
pests, and of fruit and tree diseases, unless
you look at these things from the standpoint
of the better ordering and preservation of
something that you have deliberately chosen
which includes all the other aims and ob-
jects of your civilization. It has been said
that we can afford to neglect politics, which
ought to mean the general good, because we
are so affluent. Sheltered by size and dis-
tance from lightning attack by external foes,
it has seemed as if we could afford to be an
"intermittent democracy." We could work
at it when we felt like it. We looked to
others to develop or choose the great ideas,
forgetting that whatever we have gained of
distinctive American excellence in the polit-
ical field has grown out of self-discipline,
awareness of the common good, an agreed
method of reaching agreement, the develop-
ment of community character, the better
ordering of our affairs. There is nothing
we can say or do about conservation that
is not embraced in this scheme of nation-
building.
I emphasize the careful location of con-
servation in the American scheme of things
because of the great number of techniques
that are applicable to conservation and
among which it is easy to get lost, ignoring
compass and route. Conservation of our
natural resources now includes all re-
sources; it takes in the land beneath a man,
the weather above him and the man him-
self. About all these things Charles A.
Beard has remarked that "Nature presents
no problems. We ourselves raise all of
them." The other day I picked up a geog-
raphy text used in the schools just 100
years ago. I looked up the section on Illi-
nois and found it described as a land "of
inexhaustible fertility" and the proof there-
of was that crops had not diminished in vol-
ume after a century without fertilizer. The
settlements of Illinois two hundred years
ago were too small in number to prove any-
thing so fundamental as that, and we have
now come to the point where the care of
the soil is just as important as what you
are to eat at the next meal because land and
food and health are now very closely tied
together.
There is something apparently so simple
and easy in the "waste not, want not" form-
ula of conservation that the essence of the
thing may be overlooked entirely. That
essence for society is that the general good
shall rule the mode of exploitation. It is
not a problem in waste merely. The essence
of a scientific conservation program is that
we do not yet know fully what we waste,
or why we waste, or how serious that waste
may be unless we first find the law of waste
for every wasted thing. We search for basic
causes, on the sound principle that after we
have related cause and effect we may be
able to find the cure for undesirable effects.
Nature did not ask that the prairie sod be
broken, the woodlands of the valley floors
cut off, the streams polluted. Men began
doing these things in complete ignorance
of the result now before us or without any
curiosity about any "law of waste," and
without realizing how easy it is to destroy
a natural balance of forces, which, once
destroyed, changes the land itself as human
habitation, and changes the degree of wel-
fare. Nor could men have foreseen fully the
day of conflicting interests when, with pop-
ulation swarming everywhere, city health
services widening their inexorable demands,
and standard of living becoming more and
more a matter of social responsibility, com-
promises among interests had to be effected
on an ever-widening scale. We had to learn
all over again how nature works at the same
time that we had to learn how to keep our
fundamental American aims—America as a
land of opportunity, reasonable freedom,
self-discipline, evolving moral system, never
forgetting the poor and struggling and their
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preoccupation with those simple realities,
"bread, coal, clothing, meat, houses, and
land."
More than 100 years ago Disraeli was
hammering at the truth that supreme con-
trol over mechanical power was paralleled
by no proportionate advance in moral civil-
ization. There was only a hurry-scurry of
money-making, men-making, machine-mak-
ing, as he put it. England had altogether
outgrown not the spirit but the organization
of her institutions. When a new race of
men demanded general or popular educa-
tion the ministry fell into a panic! What
would he say of that continued lack of parel-
lelism ? Emerson in a later decade expressed
anxiety about the human effects of a ma-
chine civilization. Carlyle was one of the
most brilliant of the literary group that
saw no social progress in mere multiplica-
tion of machines and money. Macaulay, on
the other hand, found inspiration in ma-
terial expansion and its cultural effects.
Our recent excitement about such effects is
an old emotion. The dish has been served
again and again. What followed the peace
that closed the Napoleonic Wars also fol-
lowed the World War and Versailles
—
commercial dislocation, wide social demands
upon government for jobs and higher stand-
ards of living, self-criticism, social educa-
tion and social discipline, individual good
and general good brought into harmony if
possible. The advocates of routine have no
place in a time like that ! The same power
that goes into discovery and machine inven-
tion must go into social objectives, their defi-
nition and purposes. It must be as im-
portant to think about the welfare of the
people of the corn belt as to think about the
convenience of a self-starter. It must be-
come more praiseworthy to think about the
protection of men in a shop than to think
about the perfection of the transient and
material things which they produce. The
conservation of our natural resources, mean-
ing the wise and continuing use of resources,
is a problem in social ethics.
Scientific research has made almost magi-
cal progress, but many are the problems yet
to be solved by science. The men at work
in the new building which we have met to
dedicate will take an active part in their
solution, have no doubt of that. New facts,
new techniques, new principles will come
out of that work. These things we may
take for granted. What we can not take
for granted is the attitude of the common-
wealth of Illinois toward the results of that
scientific work. So if I talk but little about
your water-supply upon which, 34 years
ago, I spent an interesting summer, if I
touch lightly upon forests and soils, it is be-
cause their proper study and disposition
depend on a far more fundamental thing
—
the social system of the state that supplies
the framework for all scientific and educa-
tional enterprise affects the position of that
enterprise.
Let us take highways as a useful example
of the conservation of energy and human
life, almost as important to-day as forests
and power installations. When we first be-
gan to drive motor-cars the morals of the
road were amazingly low. They fell still
lower when practically every one had a car.
We often said when we met a bad driver,
"What can you expect when every one
drives a car, the imbecile along with the
intelligent?" Now we can say that experi-
ence, education, improved mechanics, better
roads from the standpoint of the limits of
human skill, eyesight and attention, have
built a road ethic far ahead of what we had
originally. With center lanes extended and
a stricter control of drinking drivers the
present shameful accident record will be
improved. Every one of intelligence has
found out that warning signs are put up
for his safety. "That man is free who is
conscious of himself as the author of the
law which he obeys" (T. H. Green).
Soil conservation is taking the same course
but more rapidly. The demonstration is
right under your eye in the field. When it
comes to forest control we are still far be-
low acceptable standards. The gap is so
wide between the forested watershed above
and the farm below that cause and effect
are less obvious. The technical aspects of
control are now well known. It is the social
ethic that lags behind. Partly, this is be-
cause the general good grows yearly more
complex and difficult to see clearly or to
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deal with simply. The political channels
are crowded with issues from bank to bank.
Time is wasted on postmasterships that
should be spent in quickening the national
conscience about the waste of things we shall
never again recover, like that forty-acre
farm that goes down the Mississippi every
minute.
A social system devised for the general
good, "for our better ordering and preserva-
tion," must be built upon a moral conviction
sustained by self-discipline in individuals
and in the nation. Breasted has sought the
beginnings of moral experience in the life of
the Egyptians and attaches significance to
the early appearance of Maat (right). "A
man's virtue is his monument" reads the
autobiography of an Egyptian nobleman in-
scribed on an ancient stone tablet. Another
runs, "I was one who heard (legal) cases
according to the facts without showing
partiality." Gradually Maat passed into a
method of moral guidance and control of
human affairs, and especially public affairs.
Orderly administration became suffused
with moral conviction. For a thousand
years, concludes Breasted, organized gov-
ernment gave Egyptians of the Old King-
dom a majestic picture of the actual opera-
tion and beneficence of right.
The dream of democrary is wise self-
control and self-dynamic through education,
through the exploration of "the edge of
the possibilities" by individual initiative,
through a government inspired and in-
formed by the general good, by Maat or
right. The goal is a controlling majority
doing the right thing as a result of intelli-
gent forces at work within, rather than by
arbitrary force imposed from without. Con-
servation is therefore an educational job
in large part. But I would warn you that
the educational task is partly an emotional
task as well as a task in reason and pursua-
sion. Some one must be on fire about it.
Feeling is a part of the job of the men who
occupy this building. Creation is the prod-
uct of passion.
You have both noble and ignoble exam-
ples to point the moral of your effort.
Whether or not men were once able to
walk from Egypt to Morocco in the shade,
the changes in North Africa have in the
main been degradational since two millen-
niums ago. One of the earliest vernacular
names of Ireland was Fiodha Inis, or the
Woody Island. The name of an ancient
tribe inhabiting the southern coast of the
County of Cork was Vodii, or dwellers in
a woody country. Many of the old names
of hill and plain are words implying forests,
groves or trees. In describing Ireland in the
Cantos of Mutability, Spenser speaks of the
"woods and forests which therein abound."
A century afterward the author of a Chor-
ographical Description of the County of
Meath complains of the want of timber of
bulk "wherewith it was anciently well
stored," and recommends to Parliament the
making of provision for planting all sorts
of forest trees. Only a few years ago we
rested our case for soil conservation upon
general examples like these until methodical
enquiry startlingly disclosed our own im-
pending plight. The soil profile in many
cases showed good soil in a thin layer-rem-
nant only. Crops were still barely possible.
A few years more and what looked like
uneroded country would be skinned of its
surface layer of fertility and tilth. The
Tennessee Valley is such a marginal area.
Caught between political fires, challenged
from the standpoint of widening social con-
trol by the federal government, the funda-
mental truth that the soils of much of the
Valley were on the brink of destruction has
been obscured. How to save and improve
them might be disputed. There could be
no dispute about the heroic scale of required
measures.
There is a saying in England that the
ships and therefore the victory of Nelson
was made possible by the tree-planting of
John Evelyn in the 17th century. Eng-
land's timber was thinning at an alarming
rate when a man in a passion about it made
himself England's primate in forestry. But
for his work more than a hundred years be-
fore Nelson there could have been no Nel-
son. This may be pushing the argument too
far, but it is not pushing the moral too far.
The day will surely come when similar
instances will be cited in America, when
niches of fame, well-earned on behalf of
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the general good, will be filled with the
names of those who have fed migratory
birds, dramatized thinning soil horizons in
terms of human want and decline, taken
steps to save from spoilation the diminish-
ing stock of whales, and created wilderness
shrines for wildlife, but more importantly
for man, as an example and a warning and
as a lesson in social conscience.
I spend a part of each summer near
Wolfeboro, New Hampshire, and during
the past summer I reread the town history.
On one page the sole record of a citizen is
confined to the statement that he made a
watering trough that lasted for 150 years.
It set me to wondering whether I had made
anything that would last that long, and
how many other men had done so. What
are the memorials of our present effort, of
the worth of you and me? What perma-
nent things have we created? Here in
America we can yet have it said in times
to come that we have made the greatest
thing in the world. We have made America
a place where the free will of 130,000,000
people, trained to think in terms of the gen-
eral good, have found a permanent form of
self-expression through self-discipline ; a
place where men were not "most boastful
of their intelligence but proudest of their
wealth," but rather a place where moral
conscience grew amongst a whole people,
where a sense of the majesty of Maat or
right became pervasive.
It was a professor in another state uni-
versity in this region who said that insti-
tutions have to be created as systematic
reminders of good ideas. Conservation is
not only a good idea; without it there
will cease to be an America as we know it.
When and if that time comes it will not be
the Mississippi that will be to blame or a
change of climate or European wars. It
will be man—the men and women of Amer-
ica
—
you and I—who created the problems
where once there was bounty and balance in
nature. The structure that we have met to
dedicate symbolizes an idea, a morality, a
common good, right. Though time crumble
its walls, if the idea of common good sur-
vives, the purpose of the building will have
been fulfilled. Backed by a passion for
human welfare, its staff will reach out into
every part of the state to earn dividends
upon the public investment which it rep-
resents.
According to Livy it was an ancient
Roman custom to enclose any place that
had been struck by lightning and keep it
inviolate ever after. In such a place a stone
was buried to represent the lightning. The
enclosure was called a "puteal" and was
sacred. This building may be called a mod-
ern form of puteal. It represents interest
in the forces of nature, forces unbalanced
by man and now striking back with light-
ning effect. It is a place inviolate from
those who talk freedom and are silent about
the common good. Our puteal may last
like that watering trough at Wolfeboro for
150 years, or like the sense of Maat in
Egypt for a thousand years, according to
the will and the conscience and the intelli-
gence of the people of Illinois at work upon
their own problems and, like the men of the
Plymouth Plantation, forever intent upon
the changing question of their better order-
ing and preservation.
Part II
SOME PAPERS PRESENTED AT THE
ILLINOIS MINERAL INDUSTRIES CONFERENCE
NOVEMBER 14-16, 1940
Note: It should be understood that, except for members of the Survey staff, the
authors alone are responsible for the facts and opinions expressed in their respec-
tive papers.
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CONFERENCE NOTES
The Mineral Industries Conference was
sponsored jointly, according to custom, by
the Illinois Geological Survey Division of
the State Department of Registration and
Education, the Engineering Experiment
Station of the University of Illinois, and the
Illinois Mineral Industries Committee.
The Industrial Minerals Division of the
American Institute of Mining and Metal-
lurgical Engineers cooperated in planning
for and in conducting the sessions on in-
dustrial minerals, and the Institute of
Ceramic Engineers cooperated in the ses-
sion on clay and ceramic products. The
Devonian symposium was held in coopera-
tion with the Department of Geology, Uni-
versity of Illinois.
The sponsors acknowledge the very cor-
dial and helpful cooperation of the follow-
ing organizations
:
American Association of Petroleum Geologists
American Ceramic Society
American Foundrymen's Association
American Institute of Mining and Metallurgical
Engineers, Industrial Minerals Division, and
Chicago and St. Louis Sections
American Mining Congress
Association of American State Geologists
Belleville Group Coal Association
Central Illinois Coal Association
Coal Producers' Association of Illinois
Committee of Ten—Coal and Heating Industries
Geological Society of America
Illinois Basin Chapter—American Petroleum Insti-
tute
Illinois Chamber of Commerce
Illinois Clay Manufacturers' Association
Illinois Coal Traffic Bureau
Illinois Coal Operators' Association
Illinois Development Council
Illinois Geological Society
Illinois-Indiana Petroleum Association
Illinois Mining Institute
Illinois Sand and Gravel Association
Illinois Society of Engineers
Independent Oil Producers' Association of Illinois
Institute of Ceramic Engineers
Midwest Agricultural Limestone Institute
National Crushed Stone Association
National Lime Association
State Department of Mines and Minerals
State Division of Highways
St. Clair-Madison County Coal Operators' Asso-
ciation
Structural Clay Producers' Institute
U. S. Bureau of Mines
[J. S. Coast and Geodetic Survey
(J. S. Geological Survey
Western Society of Engineers
A meeting of the Illinois Mineral Indus-
tries Committee was held in connection
with the Illinois Mineral Industries lunch-
\
eon, Thursday, November 14, the chair-
man being T. J. Thomas, Assistant to the
President of the Chicago, Burlington and
Quincy Railroad and President of the
Valier Coal Company, and the secretary
being C. C. Whittier, President of the
Standard Chemical and Mineral Corpora-
tion and President of the Western Society
\
of Engineers. Greetings were extended by
M. L. Enger, Dean of the College of En-
gineering and Director of the Engineering
Experiment Station of the University of
Illinois, and a report of progress was made
by M. M. Leighton, Chief of the Illinois
Geological Survey.
The mineral industries banquet was held
on the evening of November 14, with the
Industrial Minerals Division of the A. I.
M. E. and the Institute of Ceramic Engi- *
neers. The chairman was C. G. Ferris,
Assistant Vice-president of the Illinois
Chamber of Commerce, and the toastmaster
was C. C. Whittier. Mr. Howard A.
Meyerhoff, professor and head of Depart-
ment of Geology of Smith College, gave
an illustrated lecture on "Mineral Re-
sources of the Caribbean."
On November 15 the industrial minerals
luncheon was held under the auspices of
the Illinois Minerals Division of the A. I.
M. E., with William M. Weigel, mineral
technologist of the Missouri Pacific Rail-
road as chairman, and F. H. Reed, chief
chemist of the Illinois Geological Survey,
as secretary. C. M. Thompson, Dean of
the College of Commerce, University of
Illinois, presented an address on "Making
j
Research Effective."
On November 16, inspection trips were
made to the clay mining and haydite plant
of the Western Brick Company, Danville,
Illinois, and to the silica-sand pit and plant
of the Ottawa Silica Company and the
plant of the Libby-Owens-Ford Glass Com-
pany at Ottawa. Inspections were also
made of the Geological Survey laboratory
and of the warm-air-heating research resi-
dence of the University of Illinois.
CURRENT RESEARCH ON COAL
THE COAL RESEARCH PROGRAM
OF THE
ILLINOIS STATE GEOLOGICAL SURVEY
M. M. Leighton
Chief, Illinois State Geological Survey
Historical Summary
Ten years ago the Illinois State Geo-
logical Survey passed an important
milestone in its history of scientific
research. At that time it celebrated its
25th anniversary with a program which was
distinctive and which attracted widespread
attention in the geological research field.
The program emphasized not only what
had been done in the past, but what should
be done in the future.
This initiated new thinking. Considera-
tion was given to the economic conditions
of the times, to the important part which
the mineral industries of Illinois play in
the welfare and prosperity of the people,
to the changes taking place as the result of
new discoveries, new inventions, and new
forms of transportation, and to the various
aspects of an extended mineral research
program.
A concerted movement was begun in the
fall of 1930, participated in by mineral
operators and by scientific, engineering, and
business organizations, state-wide in scope,
which resulted in the forming of an Illinois
Mineral Industries Committee.
The fruits of these coordinated efforts
have been remarkable. They brought a new
realization of the importance of the mineral
resources of the State, a broadened program
of research which embodied the best of the
old program and incorporated lines of effort
that were new, establishment of laboratories
manned by specialists, and the beginning of
studies in mineral economics. These new
efforts were given a trial period during
which temporary laboratory quarters were
provided by the University. Every suc-
cessive year has witnessed beneficial results
from this new program. Three years ago
appropriations were made by the General
Assembly and approved by Governor Henry
Horner to provide permanent adequate fa-
cilities, now embodied in the new Natural
Resources Building to be dedicated today.
The present program of coal research
and the present facilities are the product of
many minds working together. Especially
worthy of mention is the work of the first
chairman of the Illinois Mineral Industries
Committee, the late Joseph D. Zook; the
present chairman, Mr. T. J. Thomas; the
secretary, Mr. C. C. Whittier; the present
chairman of this session, Mr. W. D. Jen-
kins, who was at that time chairman of
the board of directors of the Illinois Coal
Operators Association; and Mr. Glenn A.
Shafer, now vice chairman for coal on
the Illinois Mineral Industries Committee.
Others of you have likewise come to play
an important part in this effort as the result
of your successful industrial experience and
your interest in the welfare of the mineral
industries. With your aid and guidance we
shall endeavor to keep the work pointed
toward practical accomplishments.
During the first 25 years of the Geologi-
cal Survey's history, an enormous amount
of field work was done on the coal resources
of the State, and much progress was made
in the chemical analysis of Illinois coal.
Also, substantial advances were made in
coking studies by the late Samuel W. Parr.
This work has served as a most valuable
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foundation for planning and directing the
more intensive laboratory researches now
being pursued and our new studies on util-
ization and marketing. Information is now
being obtained which will be useful to both
producers and consumers of coal, to pro-
ducers who must meet increasingly rigid
specifications for prepared coal, to producers
and consumers who have problems of stor-
age, to power-plant operators who have
problems of combustion to solve, and to the
whole coal industry in complying with
smoke abatement ordinances and who have
other marketing problems imposed by spe-
cial buyer needs. The market for domestic
coal in both Chicago and St. Louis calls for
intensive research embracing coal prepara-
tion, special processing, and combustion de-
vices.
Smokeless Fuels From Illinois Coal
When a situation develops like that in
St. Louis, the public expects a short-cut to
the solution. It assumes that by some magic
performance of science, something can be
done overnight which nature's forces have
failed to accomplish in millions of years.
This is natural, since the accomplishments
of science have been so phenomenal during
the past few decades. It must be recog-
nized, however, that little support has been
given to coal research, and that there is,
therefore, much to be done to provide the
needed new information.
It is indeed fortunate that certain funda-
mental studies on the nature and charac-
teristics of Illinois coal have been under
way during the past nine years. You are
already familiar with our studies of the
banded ingredients—vitrain, clarain, durain,
and fusain; with our findings which show
that these ingredients differ in important
respects ; that in the normal process of min-
ing and preparation certain of these ingredi-
ents are segregated in different sizes of
stoker and sub-stoker coal; that such con-
centration produces a fuel which has a
distinctive behavior in combustion or in
briquetting and coking.
You are also familiar with the fact that
in the laboratory we have developed a new
method for making smokeless briquets from
Illinois coal, without adding an artificial
binder; that on a laboratory scale we can
convert minus 30-mesh Belleville carbon,
rich in fusain, into moderately strong bri-
quets by using a pressure of 30,000 pounds
per square inch at room temperature; that
by this laboratory method Franklin County
deduster dust has been converted into very
strong smokeless briquets by using 30,000
pounds pressure after heating it to a temper-
ature of approximately 400 degrees centi-
grade ; that by this laboratory method lump
coal, ground down to minus J4 inch, can
also be made into smokeless briquets by
the same pressure after driving off a frac-
tion of the volatile matter. Now with an
appropriation of $85,000 a commercial-
sized unit of a newly designed briquetting
machine has been constructed; when a pre-
heater and pre-volatilizer have been con-
structed, we shall experimentally determine
the commercial feasibility of these labora-
tory findings. The new briquetting ma-
chine is now being transferred by the
manufacturer to our new Applied Research
Laboratory and shortly we shall be engaged
in ironing out any "bugs" which any new
design is likely to have. These endeavors
may possibly constitute a "short-cut" in a
certain sense, but in reality the ground
work has been laid by laboratory studies
during the past several years during which
new fundamental information has been ob-
tained.
Further steps to aid in the development
of smokeless fuels from Illinois coal are
contemplated in the near future by carry-
ing out larger scaled coking tests to corre-
late the laboratory results with commercial
production.
Additional Research
Another study is being carried on with
reference to the use of an invertible grate
for domestic stoves and furnaces by which
small egg-sized Illinois coal may be burned
with reduction in smoke. The invertible
grate is so constructed that after firing, the
grate is revolved sufficiently to bring the hot
coals on top of the green coal, resulting in
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the burning of much of the volatile matter
as it passes upward through the hot coals.
Better stoker fuels is another subject of
active research. Distinct possibilities of im-
provement appear to lie in preparation
processes by which the percentages of
vitrain, clarain, and durain can be so con-
trolled as to largely eliminate certain com-
bustion problems, such as blow-holes and
coke-trees, and also provide a free-burning
fuel. Another objective of this study is to
assist coal operators in producing a more
uniform stoker product from their mines
located in different mining districts. Al-
ready considerable progress has been made
in the development of a method for pre-
determining the behavior of a stoker coal.
The new information which we have
been obtaining on the banded ingredients of
coal will have other practical benefits. The
varying percentages to which the banded in-
gredients may be segragated in stoker sizes
possibly affects the drying of coal after
washing and the amount of moisture which
may be absorbed or lost during transporta-
tion. A study of the banded ingredients
also may provide a new approach to prob-
lems of storage.
A new chemical investigation has opened
a fruitful line of attack on the question of
the chemical nature of coal which study
should eventually develop new uses for
Illinois coal.
A quite different study from the fore-
going has to do with the market areas for
Illinois coal, the competitive conditions
which prevail in different parts of that area
with respect to other fuels, transportation
facilities and conditions, and other chang-
ing factors. These studies are being under-
taken by our newly created section on min-
eral economics. This section also keeps
abreast of the effects of the federal bitu-
minous coal act on the Illinois coal industry
and the coal trade.
Mention was made earlier in this paper
of the field studies of the State's resources
of coal, and it was stated that this work
is being continued. The time is not far
distant when there will be some shifting
of mining centers within the State due to
depletion of reserves, and therefore it is
very important to study the untouched re-
serves in other areas of Illinois. All infor-
mation from past exploratory drilling and
information obtainable from outcrops and
from present mine workings is being assem-
bled, studied, and correlated. Maps are
being prepared of each workable coal bed
in the State showing its structure, altitude,
extent of mined-out areas, extent of split
seams, and other mappable information.
Also records are being made and filed of
location of drill holes, mine shafts, roof
conditions, composition and character of the
coal, and other data.
New Laboratories for Research
This afternoon we dedicate the new Nat-
ural Resources Building which now houses
the State Geological Survey and the State
Natural History Survey. This building was
especially designed to provide for all of the
different lines of work that are conducted
by these agencies. Each laboratory is tailor-
made for its purpose, and the facilities avail-
able make possible the most modern scien-
tific work. About 18 specialists, represent-
ing training in their respective fields of
geology, chemistry, physics, mining and
mechanical engineering, and mineral eco-
nomics, are now engaged in the Survey's
work on coal. In addition to the Natural
Resources Building, the Geological Survey
Laboratory, located near the new Uni-
versity Power Plant, has been constructed
for large-scale experimentation. This now
makes possible the projection of laboratory
findings and discoveries to large-scale test-
ing for determining commercial application.
Your inspection of our new laboratories
is cordially invited. Your participation in
the steps which have been taken during the
past few years to achieve these results gives
you a moral and spiritual equity in them
and in the program of research which they
make possible. The successes to be achieved
will depend in no small measure upon the
continuation of the cooperative spirit which
has prevailed between the Survey and the
mineral industries and the pooling of the
vision and foresight which you and we can
contribute.
NEW INFORMATION ON COAL IN THE FIELD OF PHYSICS
R. J. PlERSOL
Physicist, Illinois State Geological Survey
New laboratory research informa-
tion on coal in the field of physics
has led to tentative developments
which include: (1) a process for making
smokeless briquets from Illinois coal and
the design of equipment for carrying out
this process; (2) an invertible grate in
which the volatile matter passes upward
through a glowing bed of coals; and (3)
the adaptation of froth notation to the
cleaning of Illinois coal sludges and dedust-
er dusts. Since these developments will be
discussed later during inspection on Satur-
day, this talk is confined chiefly to the
"modus operandi" of research in the field
of physics.
Human knowledge may be divided into
two broad fields namely, the arts and sci-
ences. The arts include all branches of the
humanities and the handicrafts, which are
based on the accumulation of human experi-
ence. As contrasted to this, the sciences are
exact because they are based on reproducible
experimental data. Between the arts and
the sciences, there is an intermediate realm
which is exact in nature, but is independent
of experimental data. This realm covers
mathematics, logic, and philosophy, each of
which is based on self-contained concepts
and therefore true, regardless of physical
actuality.
Physics is the basic natural science. Ein-
stein recently has defined physics as follows
:
"What we call physics comprises that group
of natural sciences which base their concepts
on measurements and whose concepts and
propositions lend themselves to mathemati-
cal formulation. This realm is accordingly
defined as that part of the sum total of our
knowledge which is capable of being ex-
pressed in mathematical terms. With the
progress of science, the realm of physics has
so expanded that it seems to be limited only
by the limitations of the method itself. The
larger part of physical research is devoted
to the development of the various branches
of physics, in each of which the object is
the theoretical understanding of more or
less restricted fields of experience, and in
each of which the laws and concepts remain
as closely as possible related to experience.
It is this department of science with its
ever-growing specialization, which has revo-
lutionized practical life in the last centuries
and given birth to the possibility that man
at last be freed from the burden of physical
toil."
According to this definition, the findings
in physics are based solely upon experi-
mental results, and still more importantly,
all such sets of experimental results may be
expressed in terms of a mathematical equa-
tion. From this it follows that any finding
in the field of physics which cannot be ex-
pressed in the form of an equation should
be considered merely speculation.
It is customary to divide physics into
theoretical physics and experimental physics.
Perhaps theoretical physics should be de-
fined as a study and correlation of the laws
which govern physics. However, the term
theoretical physics unfortunately is used
sometimes to imply speculations which have
not been proved by experimental data. Such
is really philosophy and may seem to recall
the tendency of physics to return to the
field of natural philosophy which was the
forerunner of physics, prior to the advent
of physical measurement.
Experimental physics also may be divided
into two parts, namely, research and testing.
Real research in the field of physics consists
of pioneering investigations in which ex-
perimentation is a physical tool to prove
the validity of ideas conceived through logi-
cal mental process. The goal of research
in the field of physics is to discover new
physical information, principles, processes
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Fig. 1.—Relationship between logarithm of the density and logarithm of the pressure of briquets made from
Franklin County coal at the temperatures stated and with pressure applied for 30 minutes.
and finally, equipment for such processes.
As contrasted to this, testing may be de-
scribed as merely fact finding.
Furthermore, research sometimes is di-
vided into theoretical research and applied
research. Such a division obviously implies
that theoretical research does not possess a
practical application and also that applied
research is not based on theory. This is
contrary to experience because all important
modern applied research has grown from
theoretical concepts.
Turning now to the "modus operandi"
of physical research. In human life there
exists many needs. The first step, and per-
haps the least appreciated step in research,
is the recognition of the existence of a vital
need. The second step is the visualization
of a solution which will satisfy this need.
The third step is the pursuit of and com-
pletion of the experimental study, usually
on a laboratory scale. The final step is
the correlation of the results and the deduc-
tion of conclusions therefrom.
As yet, the research remains merely a
laboratory demonstration. If it shows prom-
ise of commercial success, then the next
stage is known as applied research. This
stage is what Kettering aptly refers to as
the "shirt-losing stage."
A critic once complained to Chekhov that
he had given no solution to the problem in
his story. Chekhov replied, with rare mod-
esty, that the duty of the writer was not
to solve the problem but to attempt to state
it clearly. The obligations of a research
experimental physicist are greater than
those of an author. Not only must he state
the problem clearly, but he must find the
correct solution and carry this solution into
practice. Furthermore, in his contempla-
tions of a given field he must be able to
evaluate the relative importance of the prob-
lems which present themselves. This qual-
ity is perhaps the most important of all.
We now turn our attention to certain
needs in the utilization of Illinois coal. A
most urgent need is a new product, pre-
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Fig. 2.—Relationship between the exponent and various powers of the absolute temperature of briquets
made from Franklin County coal and with pressure applied for 30 minutes.
pared from Illinois coal, which may be
burned smokelessly. Another equally urgent
need is an inexpensive equipment which
may be adapted to the hand-fired furnace
for the smokeless burning of Illinois coal.
Too much cannot be said in favor of the
rapidly increasing use of the mechanical
stoker for the burning of prepared stoker-
sized Illinois coal. However, stokers are
not used extensively in districts represent-
ing minimum family income.
Furthermore, there is also a need for the
cleaning of coal sludges and deduster dusts,
which possess a natural concentration of
fusain and are therefore an excellent raw
material for the manufacture of smokeless
briquets.
Briquetting Illinois coal without a binder
appeared to be one solution to the problem
of processing a smokeless product. There-
fore, an investigation was made which
consisted of an experimental study of the
factors which affect the density of the re-
sultant briquet: namely, pressure, tempera-
ture, and time of impaction. As a result
of this study, the relations between these
variables were discovered and formulated
into an algebraic equation, containing four
constants, embracing the pore-free density
of coal, critical pressure at which coal flows
at room temperature, critical temperature
at which coal flows without the application
of pressure, and the speed of flow. Any
given bituminous coal has its characteristic
constants.
The steps are briefly as follows: Ex-
perimentally it was found (as shown in fig.
\) that a straight line exists between the
logarithm of the density of the coal and
the logarithm of the pressure for various
temperatures during a period of 30 minutes
impaction. There resulted a family of
straight lines intersecting a point charac-
terized by the critical density at which pore
space was eliminated from the coal, and the
corresponding critical pressure. The alge-
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Fig. 3.—Relationship between logarithm of the density and logarithm of time (seconds) for briquets made
from St. Clair County coal: A and B at temperatures of 150° C. and pressure of 9300 and 810 pounds per
square inch, respectively.
braic equation for any member of this fam-
ily of curves may be written
D=DC (P/PC )"
where D is the density of the briquet, D c
and Pc are critical density and critical
pressure, respectively, P is the pressure ap-
plied, and the exponent n is the slope of the
line.
In order to determine the influence of
temperature, the slope n may be plotted
versus various powers of the absolute tem-
perature. Figure 2 shows that n varies as
the fourth power of the absolute tempera-
ture, as expected, since energy due to tem-
perature normally obeys the fourth power
law. Therefore, the above equation may be
written
D=D c.(P/Pc)AdV-T*)
where A is a proportionality constant, Tc
is the critical temperature at which the pore
space would be removed by plastic flow,
and T is the temperature of briquetting.
Likewise, the influence of time may be
ascertained by plotting the logarithm of the
density of the briquet versus the logarithm
of the time. Figure 3 shows a family of
straight line curves, A and B, for tempera-
tures and for pressures, below critical val-
ues, which meet at a common point at the
critical density and at a critical time equal
to ten to the twentieth power seconds.
Therefore, the complete briquetting equa-
tion may be written
D=D c (P/Pc)K(Tc4-T4 )log(tx 10- 20 )
where K is a proportionality constant and
t is the period of impaction expressed in
seconds.
Various coals possess various values for
these characteristic constants which are
shown in table 1. Inspection of this table
indicates that critical pressure and critical
temperature increase with rank of bitumi-
nous coals. As shown previously, the three
variables—temperature, pressure, and time
—are interrelated. Thus although a dense
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from Franklin County coal at 250° C.
briquet may be made from Will or St.
Clair County coal at a pressure of 25,000
pounds per sq. in. applied for 30 minutes
at room temperature, its density is materi-
ally decreased for very short periods of
pressure application essential to rapid com-
mercial production. However the preheat-
ing of coal to an elevated temperature
(250° to 400° C.) permits rapid briquet-
ting at a feasible pressure (about 30,000
pounds per sq. in.).
Experimental studies have been carried
out at pressures above critical pressure up
to values of about 450,000 pounds per
square inch. If the density of the briquet
is plotted versus the pressure in this elastic
range, a straight line results, as shown in
figure 4. If this line is extrapolated back-
ward to zero pressure (point B), the densi-
ty of a pore-free briquet is obtained after
release of pressure. It should be noted that
this line passes through the point of critical
density and critical pressure (point A)
characteristic of the particular coal.
Also from the briquetting equation by
methods of calculus, it is possible to ascer-
tain the density of impaction and the time
of impaction for a briquet formed by a
falling weight. Using experimental con-
stants determined for St. Clair County coal,
a theoretical graph, figure 5, was made for
time of impact due to dropping a 500-pound
hammer from a distance of four and one-
half feet on a 45-gram sample of coal in a
1.5-inch diameter die. The theoretical
graph corresponds exactly to the experi-
mentally determined graph, figure 6, the
time of impact being approximately 0.008
second. Although the above mentioned con-
stants were determined experimentally for
periods of compression from one to thirty
minutes, this shows that the same constants
are valid for extremely short periods of
impact, thereby making it possible to calcu-
late the pressure necessary for impacting
briquets by the new briquetting press in
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Fig. 5.—-Theoretical graph of the time of impact of a 45-gram briquet made from St. Clair County coal at
250° C. by a 500-pound hammer dropped 4.5 feet. (The time of one inch on drum equals 0.0154 seconds.)
which the time of impaction is of the same
order of magnitude as that obtained by a
falling weight.
As a by-product of this mathematical in-
vestigation, three points of academic interest
may be mentioned.
The pore-free density of coal and the
experimentally determined bulk density of
dry coal provide a new method for the
calculation of the porosity of coal. The
percentage porosity determines the upper
percentage of mine moisture which may
be present for a given coal. This is because
a coal cannot contain a percentage of mois-
ture greater than the available percentage
of pore space. The direct analytical deter-
mination of mine moisture in coal is often
difficult due to the fact that there is a
strong interfacial tension between coal and
water contained in pore space of capillary
dimensions. Removal of this capillary water
may require temperatures sufficiently high
to remove a porton of the water of crystal-
lization contained in the mineral matter in
the coal. Since mine moisture is one factor
which affects the rank of coal, perhaps the
present method of direct determination of
the porosity of coal may provide a new
physical tool in the study of rank of coal.
A second point of interest is that the
critical temperature of flow of coal, with-
out applied pressure, may be obtained by
extrapolation. This critical temperature,
by definition, is the temperature at which
coal would flow if the coal had not lost
portions of the volatile matter in the process
of heating coal to the plastic temperature.
The plastic temperature of coal, as usually
determined, is not that of the original
product, because of the loss of volatile
matter in the heating; such loss increases
the temperature of plasticity.
Mr. E. R. Kaiser 1 has compressed bri-
quets from Illinois coal at this critical
temperature and with pressures only suffi-
cient to exceed the internal pressure caused
by the evolution of volatile gases. An
1 Personal communication.
56 CURRENT RESEARCH ON COAL
7.0 \ /
\ /
6-0 \ /
\
5.0
\
10U
O4.0
z
H
X
2 3.0
UJ
X
2-0
1.0
2.0 1.0 2.0
TIME
3.0 4.0
INCHES ON DRUM
7.0
Fig. 6.—Experimental graph of time of impact of a 45-gram briquet made from St. Clair County coal at
250° C. by a 500-pound hammer dropped 4.5 feet. (The time of one inch on drum equals 0.0154 seconds.)
examination of such briquets shows a struc-
ture which possesses a crystalline appear-
ance.
A third point of interest is that the criti-
cal time has an astronomical value—name-
ly, about three trillion years. Higher rank
of coal in mountainous areas indicates that
pressure is the predominant factor in the
coalification forces, except in instances of
igneous intrusion where temperature also
is a dominant factor. The influence of
time is of minor import. This is consistent
with present experimental findings.
The study of briquetting Illinois coal
without binder led to a study of smoke char-
acteristics of the resultant briquet as com-
pared to that of the corresponding natural
coals. This latter study led to the discovery
that the concentration of fusain in the very
fine sizes, such as deduster dust and coal
sludges, produces a briquet which has a
smoke content less than that of Pocahontas
coal.
Quite often the solution of one problem
presents a new problem. Although certain
of the deduster dusts in southern Illinois
possess reasonably low ash, nevertheless cor-
responding sizes of coal, in the form of
coal sludges, from the Belleville district
contain excessive ash. Neither the wet nor
dry cleaning process, as used in Illinois at
present, is satisfactory for removing ash
from coal sludge or deduster dust. There-
fore, an extensive investigation has been
carried out in cleaning coal sludges and
deduster dusts by froth flotation. Results
show that such coal fines usually can be
cleaned to a value of eight per cent ash
with a discard containing up to seventy-
five per cent ash.
Another by-product of the smoke study
is the development of the invertible grate.
In the investigation of the smoke producing
potentiality of coal it was necessary to de-
velop a new quantitative method, hereto-
fore described and published 2
,
and known as
the smoke index method. Using this meth-
od it was found that when volatile matter
2 Piersol, R. J., Smoke Index: A quantitative measure-
ment of smoke: Illinois Geol. Survey Rept. Inv. No. 41,
1938.
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Table 1. Briquetting Constants for Coals, Banded Components, and Blends
for Pressure Applied 30 Minutes
Coal
Critical
pressure
(lbs. per sq. in.)
Critical
temperature
°C
Proportionality
factor x 1014
Critical
density
Will County 25,100
25 , 100
44,700
56,200
31,600
35 , 500
50 , 100
39,900
448
443
530
580
415
452
529
429
4.85
3.64
2.02
1.66
5.10
4.22
2.07
4.13
1 32
St. Clair County
Franklin County
1.32
1 38
Pocahontas
Durain (Franklin)
Vitrain (Franklin)
Dust (Franklin)
1.38
1.29
1.27
1 40
Blend (St. Clair) 1 38
passes through a bed of glowing coals main-
tained at a temperature of 900 °C. the
liberated volatile matter is completely con-
sumed.
The applied results of this new infor-
mation are to be presented during the
scheduled inspection Saturday morning at
the Geological Survey Laboratory.
RECENT RESEARCHES IN HOME HEATING BY THE
UNIVERSITY OF ILLINOIS ENGINEERING EXPERIMENT
STATION
A. P. Kratz
Research Professor, Engineering Experiment Station, University of Illinois
This paper comprises a resume of
data obtained incident to an investi-
gation of warm-air furnaces and
heating systems conducted by the Engineer-
ing Experiment Station in cooperation with
the National Warm Air Heating and Air
Conditioning Association. The investiga-
tion during the heating seasons of 1937,
1938, and 1939 dealt with the performance
of hand-fired and stoker-fired warm-air
furnaces in the Warm Air Heating Re-
search Residence. The complete results
have been published in two papers1 ' 2 pre-
sented before the American Society of Heat-
ing and Ventilating Engineers, and ac-
knowledgment is hereby made to Professor
S. Konzo and Mr. R. B. Engdahl as co-
authors of those papers.
Research Residence and Heating
Equipment
The Research Residence in Urbana, Illi-
nois, was built, furnished, and completely
equipped specifically for research work in
warm-air heating, by the National Warm
Air Heating and Air Conditioning Asso-
ciation in December 1924. It consists of
a three-story structure of standard frame
construction. At the time of construction
the walls and ceilings were not insulated,
and no weather-stripping was used on the
windows and doors. The wall section was
composed of lap siding, building paper,
sheathing on 6-inch studding, wood lath,
and plaster with rough sand finish. The
calculated heat losses were approximately
1 "Performance of Stoker-Fired and Hand-Fired Warm-
Air Furnaces in the Research Residence," by A. P. Kratz,
S. Konzo, and R. B. Engdahl. ASHVE Journal Section,
Heating Piping and Air Conditioning, November, 1938, pp.
732-742.
2 "Performance of a Stoker-Fired Warm-Air Furnace as
Affected by Burning Rate and Feed Rate," by A. P. Kratz
and S. Konzo. ASHVE Journal Section, Heating Piping and
An- Conditioning, January, 1940, pp. 55-60.
159,000 B.t.u. per hour at an indoor-out-
door temperature difference of 80° F.
The heating plant consisted of a warm-
air furnace used in connection with a
forced-air heating system. The furnace
was of the cast-iron circular-radiator type,
having a 27-inch firepot and 23-inch grate.
It was equipped with a casing 50 inches
in diameter, and had a ratio of heating
surface to grate surface of 20.9. In order
to obtain comparable data, the furnace was
thermostatically controlled with both hand-
firing and stoker-firing, and no changes
were made in the furnace itself, in the
plant, in the volume of air circulated, nor
in the settings of the thermostats when the
stoker was substituted f6r hand-firing.
As shown in figure 7, the stoker was
installed by inserting it through the ash-pit
door after the grates were removed, and
firebrick were arranged to form a flat
hearth at what was formerly the grate level.
The stoker was of the underfeed type, and
the coal was delivered from the hopper to
the retort by means of a rotating screw.
The retort was located in the center of
the hearth. Both the rate of fuel input
and the rate at which air was supplied to
the tuyeres could be independently regu-
lated. No cut-off damper was provided in
the air tube to prevent air being drawn
through the blower and into the fuel bed
during the off periods of the stoker.
The type of control system is a critical
factor in its influence on the performance
of the furnace and the fuel consumption.
The system used is shown diagramatically
in figure 8. A room thermostat was used
in conjunction with two thermostats in the
bonnet of the furnace. When the room
thermostat operated to start the fan and
burner, one bonnet thermostat prevented
[58]
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overfiredamper
Fig. 7.—Diagram of stoker installation showing
flow of air through fuel bed.
the fan from starting unless the bonnet
temperature was above 125°F. The other
bonnet thermostat prevented the burner
from starting unless the bonnet tempera-
ture was below 150°F. A limit thermostat
was also provided which closed the circu-
lating fan circuit if the bonnet temperature
at any time exceeded 195°F. A hold-fire
time switch closed the stoker motor circuit
if the stoker remained inoperative for a
period of 30 mniutes, provided that the
bonnet temperature was below 125°F.
This arrangement prevented the fire from
going out on mild days when the demand
for heat was low, but also insured that the
stoker did- not start if there was sufficient
fire to maintain a bonnet temperature of
125°F., and was more successful in pre-
venting overruns than the usual arrange-
ment whereby the stoker is started every
30 minutes, irrespective of the condition of
the fire.
In the case of hand-firing the furnace
was fired at 7 a. m., 11a. m., 4 p. m., and
10 p. m. daily. The fuel bed was poked,
grates were shaken, and the ashes and
clinkers were removed once each day at 11
a. m., except in extremely mild weather,
when the fuel was disturbed only once
every two or three days. Previous to each
firing the live coals and coke in the fuel
bed were shoved to the rear of the firepot
and the fresh charge of fuel was fired in the
front, leaving some exposed live coals at
the rear. The overfire damper in the firing
door was left open all of the time, and
control was effected by means of the check
damper and ash-pit damper, which were
simultaneously operated by the damper
motor. This method of firing and the
amount of attention given to the furnace
may be considered as representing normally
good firing practice, easily attainable by
the average householder.
In the case of the stoker, the clinkers
were removed, the fuel bed was leveled,
and the hopper was filled with coal at 11
a. m. each day except in extremely mild
weather, for which attention every two or
three days was sufficient. A balanced check-
damper in the cleanout of the chimney
maintained a draft of approximately 0.05
inch of water in the smoke pipe. Tests
were run with the overfire damper open
and with it closed, and with several differ-
ent feed rates and burning rates.
Tests
During the entire period cov-
ered by these tests, the fan and
damper motor, or stoker, were
automatically controlled to
maintain an average tempera-
ture of 72° F. in the rooms of
the house throughout the 24
hours of the day. The coals used
were from the same district and
presented similar characteristics,
but the sizes selected were those
representing the best practice for
hand-firing and stoker-firing re-
spectively. The characteristics
of the coal are given in table 1.
Room
thermostat
Bonnet thermostat for
over-run in temperature
<^\
Low -limit bonnet
thermostat for fan
Coo/ing
Fe/au dosed '
<
I I
Coo/ing
Coo/ing I \ Hf*tjf>g_
_, ,_
Fan Motor
<^H
Stoker or
Damper Motor
Line
fio/d-r~ire t/me switch
'
y
-* (for useI w/th_3toker_orUt£
ke/au open High-limit bonnet thermostat
for stoker or damper motor
Fig. 8.—Simplified wiring diagram of control system.
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Observations of weather, room air tem-
peratures, room relative humidities, and
other incidental data were made daily at
7 a. m., 11a. m., 4 p. m., and 10 p. m.
Complete data were obtained for each
24-hour test period on the fuel consump-
tion, the weight of ash and clinkers re-
moved, the total integrated time of oper-
ation of the fan and stoker, the total elec-
trical input to the fan and burner motors,
and the total number of on-periods of both
the circulating fan and stoker. Daily ob-
servations were made of the volume of air
circulated. Continuous records were made
of the temperature of the air in the bonnet
of the furnace, the temperature of the flue
gas, the C0 2 content of the flue gas and
the smoke density. The last was obtained
by means of an instrument that passed a
beam of light through the gases in the
smoke pipe and focused it on a thermopile.
The instrument was calibrated by compar-
ing the electromotive force generated by the
thermopile with the Ringelmann Numbers
of the smoke observed at the top of the
chimney.
Feed Rate, Burning Rate, and
Fuel Bed Thickness
In the case of a uniform fuel bed such
as that obtained in a hand-fired furnace,
the burning rate is dependent only on the
quantity of air being passed through the
fuel bed. Kreisinger 3 has indicated that
for uniform fuel beds of this nature, ap-
proximately one half of the air required for
complete combustion must be supplied over
the fire and the other half through the fuel
bed. Control of the burning rate is there-
fore effected entirely by regulating the
amount of air passing through the ash-pit
and into the fuel bed, and control of the
completeness of combustion by regulating
the amount of air admitted above the fuel
bed. The thickness of the fire does not
enter as a factor affecting the rate of com-
bustion other than determining the draft,
or pressure, required to force the air through
the fuel bed.
•'"Low Rate Combustion in Fuel Beds of Hand-Fired
Furnaces," l>y Henry Kreisinger, C. E. Augustine, and S.
II. Katz. U. S. Bureau of Minos Technical Paper No. 139,
p. 7.
The actual burning rate in the case of a
stoker-fired furnace is not necessarily deter-
mined either by the rate at which the coal
is being fed to the furnace or by the rate
at which air is being supplied to the fuel
bed from the wind box. In this paper the
meaning of the term "burning rate" as
applied to the stoker always refers to the
rate of combustion occurring during the
on-period.
As shown in figure 8, in a non-uniform
fuel bed, such as that obtained in a furnace
fired by means of an underfeed stoker, the
air supplied through the tuyeres is utilized
for both primary and secondary combustion.
That is, most of the air supplied through
the inner tuyeres, a, passes through a fuel
bed composed of unburned coal and incan-
descent coke; whereas practically all of the
air supplied through the outer tuyeres, b,
and part of the air supplied through the
inner tuyeres, a, passes through a porous
fuel bed consisting of incandescent coke,
clinkers, and loose ash. The combustion
rate is determined by the amount of air
that comes into actual contact with the
incandescent coke, all of the rest acting as
secondary air to complete the combustion
above the fuel bed. It follows that, with a
given amount of air supplied to the tuyeres
the combustion rate will vary with the ratio
of the air passing through live fuel to that
passing through the ash and clinkers, which
will in turn vary with the thickness and
density of the incandescent core and the
amount that it extends out into the region
of ash and clinkers. The latter will be
influenced by the rate of feed and the
length of time that the stoker remains in
operation, or the on-period. In most in-
stallations the admission of secondary air
through the overfire damper is not neces-
sary for the combustion during the on-
periods, and results only in a dilution of
the flue gases.
To a certain extent the frequency and
duration of on-periods of the stoker depend
on the type of heating system in which the
stoker is used. In boiler practice the stoker
is usually operated infrequently and the
on-periods are relatively long, whereas in
warm-air furnace installations the converse
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is true. This fundamental difference in the
frequency of on-period operation for boilers
and for furnaces should be appreciated in
order to obtain a clearer understanding of
the relations that exist between the burning
rate, the feed rate, and the thickness of
the fuel bed.
During relatively long off-periods of the
stoker, the combustion that occurs through-
out the period reduces the amount of com-
bustible in the fuel bed, with the result
that both the percentage of combustible
matter and the thickness of the fuel bed
are decreased. Hence, at the beginning of
a stoker operation, following a long off-
period, the flue gas temperature, the C0 2
content in the flue gas, and the burning
rate are all at minimum value. In a stoker-
fired plant in which the feed rate is greater
than the burning rate, during long on-
periods the percentage of combustible in
the fuel bed and the thickness of the fuel
bed both progressively increase. The result
is that the air passes through a thicker
layer of incandescent coke, and both the
burning rate and the C0 2 content of the
flue gas are increased. This condition oc-
curs in the operation of a warm-air furnace
plant only during the morning pick-up fol-
lowing the operation with a reduced ther-
mostat setting at night. If the feed rate
were not too high relative to the amount
of air being supplied, during extremely long
periods of stoker operation the progressive
increase in burning rate might continue
until the burning rate finally approximated
the feed rate, and the thickness of the fuel
bed would become constant. With very
low rates of air input, however, the thick-
ness of the fuel bed would build up to such
an extent that smoky combustion, accom-
panied by measurable amounts of CO
would be obtained.
From the standpoint of ideal thermostatic
control it is desirable to provide continuous
combustion just sufficient at all times to
offset the heat losses from the house at all
outdoor temperatures. Continuous and
modulated combustion is usually not ob-
tained in an intermittently fired heating
plant, because the burning rate is adjusted
to a maximum value sufficient to heat the
house under extreme weather conditions,
and the regulation of the combustion rate
to satisfy milder heating demands is ob-
tained by intermittent operation of the
burner. In the case of a forced-air furnace
plant, owing to its flexibility and lack of
heat-storage capacity, long and infrequent
operations of the stoker are not conducive
to the maintenance of uniform bonnet air
temperatures. For this reason, in the tests
made in the Research Residence, the on-
periods were frequent and of short duration,
and the active combustion occurring during
the off-periods served a useful purpose by
tending to minimize the differences between
the average rate of combustion and the
burning rates obtained during the on-periods
and off-periods of the stoker.
From these tests it was observed that
under normal conditions, when the stoker
was operated frequently and for short peri-
ods, the variations in the flue gas tempera-
tures, in the C0 2 content, and in the burn-
ing rate, between the maximum occurring
during the on-periods and the minimum
occurring during the off-periods, were not
large. Within one or two minutes after the
stoker started, the burning rate attained a
value which remained constant until the
room temperature rose to normal and the
stoker was stopped. This burning rate was
less than the feed rate, and the combustion
occurring in the off-periods consumed the
surplus coal fired into the fuel bed, with
the result that the thickness of the fuel bed
remained constant during the entire 24-
hour test period, even though the feed rate
and the burning rate differed considerably.
Obviously wide discrepancies between feed
rate and burning rate are practical only
when the coal can burn freely during the
off-periods of stoker operation. This would
not be true for a stoker having an auto-
matic cut-off in the air tube or when using
a strongly coking coal. For a coal which
tends to form coke trees, it is probable that
the air-input should be adjusted so that the
burning rate is approximately equal to the
feed rate.
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Fuel Consumption
Figure 9 shows the performance curves
for the furnace hand-fired, and for the
stoker operated at a 48.6-lb. per hour feed
rate and an 18-lb. per hour burning rate,
with the overflre damper closed for one
curves for fuel consumption. It may be
observed from these curves that the weight
of coal burned in the hand-fired plant
(curve No. 1) was less than that burned in
the stoker-fired plant in which the overflre
damper was wide open (curve No. 2),
but was greater than that burned in the
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Fig. 9.—Performance curves for hand-fired and stoker-fired furnaces.
series of tests and open for another. Since
small deviations occurred in the heating
value of the different lots of coal used, the
actual weights of coal fired were corrected
to equivalent weights of coal having a heat-
ing value of 13,040 B.t.u. per pound, and
the corrected weights were plotted in the
stoker-fired plant in which the overflre
damper was closed. Under local conditions
a price differential of approximately $1.25
per ton existed in favor of the coal used
for the stoker-fired plant. Hence, econo-
mies effected by stoker firing probably result
largely from favorable price differentials
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for the coals burned, and from the substi-
tution of an automatically controlled plant
for the usual manually and poorly con-
trolled hand-fired plant.
In the case of the hand-fired plant the
fuel was burned comparatively uniformly,
as indicated by the continuous records of
content of the flue gas, particularly when
the overfire damper was open.
By proper adjustment of the air supply
to the fuel bed during the periods of stoker
operation, excellent conditions of combus-
tion, with 11 per cent C0 2 and a slightly
hazy atmosphere above the fire, could be
^C5^
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Indoor -Outdoor Temperature Difference in deq F
Fig. 10.—Heat inputs with different fuels.
C0 2 and flue gas temperatures. On the
other hand, similar records indicated that
the evolution of heat in the stoker-fired
plant was not as uniform as that in the
hand-fired plant. Furthermore the burn-
ing that occurred during the off-periods of
the stoker was accompanied by a lower C0 2
maintained. The rate of air supply suffi-
cient to burn 18 pounds of coal per hour
was not sufficient to blow particles of coal
away from the fuel bed. During the off-
periods of the stoker the fuel remaining
in the fuel bed burned with the air supplied
through the tuyeres by means of the exist-
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ing natural draft and with the air supplied
through the overfire damper in the feed
door. The amount of combustion occurring
during the off-periods was dependent upon
the amount of air supplied from these two
sources.
but did not result in very active combus-
tion of the fuel at the surface of the fuel
bed. In the case of the stoker, however,
the fuel remaining at the end of the oper-
ating period was well coked, and only a
small amount of combustible gas was
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In the case of the hand-fired plant, the
fuel bed contained a large amount of partly
coked fuel which continued to evolve com-
bustible gases during the off-period. These
gases required a comparatively large amount
of air for combustion, and the amount sup-
plied by the overfire damper was sufficient
to promote good combustion of the gases,
evolved during the off-period. Hence, with
the overfire damper open, a considerably
greater amount of air than that required
for the combustion of the gases was drawn
in, resulting in lower C0 2 content than
that obtained for the hand-fired plant. At
the same time the combustion of the fuel
at the surface of the fuel bed was pro-
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moted, and the evolution of heat from this
source, together with the reduced heat
transfer caused by the greater mass of air
present, resulted in higher flue gas temper-
atures than those shown for the hand-fired
plant.
When the overfire damper was closed
in the stoker-fired plant, the excess air was
reduced, resulting in materially higher C0 2
values than those given by the same plant
with the overfire damper open. At the
same time the restricted combustion at the
surface of the fuel bed resulted in flue
gas temperatures much lower than those
obtained with the overfire damper open in
the same plant, and somewhat lower than
those obtained in the hand-fired plant. The
amount of leakage, however, was apparent-
ly sufficient, with the small amount of com-
bustible gases evolved, to give more excess
air than that obtained in the hand-fired
plant, as evidenced by the lower C0 2 ob-
tained in this case than that obtained in
the hand-fired plant.
Since the total time of stoker operation
per day was ordinarily less than five hours,
the off-period burning constituted an im-
portant part of the entire burning process.
The result was that high or low C0 2 con-
tents during these off-periods were reflected
in corresponding high or low average C0 2
contents and flue gas temperatures as shown
in figure 9. Since the flue gas loss is in-
fluenced by the combination of the C0 2
content and the temperature of the flue gas,
the higher fuel consumption of the stoker-
fired furnace with the overfire damper open,
as compared with that of the hand-fired
furnace, is consistent with the lower C0 2
content and higher flue gas temperature
shown in figure 9. Also, the lower fuel
consumption of the stoker-fired furnace with
the overfire damper closed, as compared
with that of the hand-fired plant, is con-
sistent with the slightly lower C0 2 content
and the lower temperature of the flue gas
shown in this case. This reduction in fuel
consumption, however, was accompanied by
the production of some smoke and soot, a
discussion of which appears in a later sec-
tion of this paper.
The fuel consumptions shown in figure
9 have been reduced to terms of heat inputs
to the furnace in millions of B.t.u. per 24
hours and compared with the heat inputs
obtained on other tests with oil and anthra-
cite in figure 10. The lowest curve (No. 7)
in this figure represents the heat loss from
the Research Residence. It may be observed
that the best fuel consumption (curve No.
6) was obtained with hand-fired anthracite,
and the next best (curve No. 5) with an
oil-burning furnace. The stoker with the
overfire damper closed (curve No. 4) gave
results approximating those obtained with
the oil-burning furnace. The highest heat-
inputs required for given indoor-outdoor
temperature differences were obtained with
hand-fired bituminous coal, with the stoker
having the overfire damper open (curves
Nos. 1 and 3), and with a conversion oil-
burner, with the latter falling between the
other two. The overall house efficiencies,
representing the percentage of heat supplied
in the fuel that was actually utilized in
heating the house, are shown in the lower
part of figure 10.
Some question as the advisability of the
use of as high a feed rate as 48.6 pounds
per hour in connection with a burning rate
of 18 pounds per hour led to the running
of two additional series of tests with the
stoker operated at a 27.0 pounds per hour
feed rate with an 18 pounds per hour burn-
ing rate, and a 25.8 pounds per hour feed
rate with a 13 pounds per hour burning
rate, in both cases with the overfire damper
closed. The results of these tests are shown
in figure 11. These curves indicate that
minimum average flue gas temperatures and
minimum fuel consumption were obtained
with a 48.6 pounds per hour feed rate, and
18 pounds per hour burning rate, and with
the overfire damper closed (curve No. 4).
This arrangement was not entirely satis-
factory since a smoky flame was obtained
during the off-periods, thus indicating that
with a thick fuel bed, sufficient secondary
air was not being admitted through the out-
side tuyeres, and that it was necessary to
augment the secondary air by opening the
overfire damper. When the overfire damper
was open, the smokiness during the off-
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periods was eliminated but the flue gas
losses during the off-period were larger,
resulting in increased fuel consumption, as
shown by curve No. 2. When the same
burning rate of 18 pounds per hour was
maintained and the feed rate was reduced
to 27 pounds per hour, (curve No. 1) a
thinner fuel bed was obtained. Owing
to the evolution of less volatile gases dur-
ing the off-period, the secondary air admit-
ted to the fuel bed through the outside
tuyeres was sufficient to eliminate smoke
without the admission of air through the
overflre damper. The thinner fuel bed was
also accompanied by less off-period burn-
ing and more intense combustion over a
smaller area during the on-period, thus re-
sulting in higher flue gas temperatures
which were reflected in greater fuel con-
sumption than that obtained with the
thicker fuel bed under comparable condi-
tions, as shown by curves Nos. 1 and 4
respectively. There was a greater tendency
for the formation of holes in the fuel bed
and a greater amount of fly-ash was ob-
tained. Therefore, taking all things into
consideration, the use of the smaller feed
rate cannot be regarded as advantageous
for the coal used.
When the burning rate was reduced to
13 pounds per hour, which was about
enough to take care of the maximum heat-
ing demands of the house, and the feed rate
was maintained at about 26 pounds per
hour, (curve No. 3) the resulting fuel
consumption was less than that obtained
with an 18 pound burning rate (curve No.
1 ) . These results confirm the conclusion
that minimum fuel consumption was ob-
tained when the maximum combustion rate
most nearly conformed to the maximum
heating demands of the house, which was
drawn in connection with the studies of
oil burning4 in the Research Residence. In
the case of the tests represented by curve
No. 3, the on-period burning rate was
maintained at a low value and, as far as
conditions would permit in this type of
plant, the operation of the stoker was nearly
continuous. On the other hand, for the
4
"Performance of Oil-Fired, Warm-Air Furnace in the
Research Residence," by A. P. Kratz and S. Konzo. (Trans-
actions ASHVE, 1937. Vol. 43, p. 215).
tests represented by curve No. 4, in which
considerable burning occurred during the
off-periods, the average of the combustion
rates during the on-periods and the off-
periods was maintained at a minimum value
and the on-periods were comparatively
short.
The results obtained from these tests
were to a great extent dependent upon the
method of operation used. The conditions
of hand-firing which were maintained simu-
lated normally intelligent firing of a ther-
mostatically controlled hand-fired plant. In
the case of hand-firing it is probable that
the fuel consumption would have been
larger if lump coal, rather than sized coal
adapted to hand-firing had been used; if
unintelligent manual control had been sub-
stituted for thermostatic ; or if the coal had
been fired to completely cover the fuel bed,
rather than the hot coals being pushed aside.
No attempt was made to simulate such
methods, because lack of intelligence and
skill are entirely unpredictable, cannot be
duplicated, and of themselves preclude the
possibility of obtaining any comparable data.
Smoke-Density and Fly-Ash
The smoke-density meter operated in such
a way that decreasing density of the smoke
allowed a greater amount of light to pass
through the column of smoke in the smoke
pipe and increased the electromotive force
reading of the thermopile. A calibration
curve relating these readings to the familiar
Ringelmann Numbers is shown in figure
12. It may be observed that a high degree
of consistency could not be obtained in the
calibration owing to the element of personal
judgment entering into the assignment of
Ringelmann Numbers to any given density
of smoke appearing at the top of the chim-
ney. In this way the use of Ringelmann
charts leaves much to be desired in the
way of scientific accuracy and duplicability.
However, it is common practice for smoke
ordinances to limit the production of smoke
to six minutes of No. 3 smoke in any one
hour.
The index of smoke-density, plotted
against the time in hours after the coal
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too
was fired, is shown for the hand-fired
furnace in the upper part of figure 13.
The scale of Ringelmann Numbers is given
on the right hand side of the graph. It
was observed that, when coal was added
to the fuel bed at a time when the com-
bustion rate was low, the comparatively
low temperature of the fuel bed resulted
in a correspondingly small rate of evolution
of the gases and of formation of smoke.
This condition is shown by the curve desig-
nated as the upper range in figure 13, and
it may be observed that in this case the
recommended limit of No. 3 smoke for a
period of six minutes was never exceeded.
However, when coal was added to a com-
paratively hot fuel bed, it was rapidly
volatilized and large quanitities of smoke
were evolved for a period of approximately
15 minutes after the coal was fired, as
shown by the curve designated as the lower
range in figure 13. Under these conditions,
the smoke given off by the fresh charge of
coal exceeded the maximum limit of six
minutes per hour of No. 3 Ringelmann
density. In general, the amount and dura-
tion of the smoke produced by the hand-
fired furnace were largely dependent upon
the temperature of the fuel bed at and im-
mediately following the time of firing.
After the gases had been driven off from
the fresh charge of coal, and the fuel bed
had been coked, the density of smoke was
ordinarily less than No. 2 Ringelmann.
In both cases with stoker-firing, as shown
in the lower diagrams in figure 13, the
density of the smoke during the on-periods
was less than No. 1 Ringelmann, and could
be considered as negligible. During the
period of approximately 30 seconds after
the stoker was stopped, the smoke-density
increased sharply to attain a maximum
value of about No. 3 Ringelmann. It then
decreased rapidly during the succeeding two
minutes. For a few seconds in each hour
a smoke-density of No. 3 Ringelmann was
obtained. The smoke conditions accom-
panying the use of the stoker-fired furnace
with the overfire damper open could there-
fore be considered as entirely satisfactory.
With the overfire damper closed, however,
the combustion which occurred during the
off-periods was accompanied by some evo-
lution of smoke and the formation of soot
which coated the heating surface. It is
probable that the operation of the furnace
for an entire season under these conditions
would have resulted in some decrease in
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effectiveness of heat transmission and in
some difficulties in maintaining proper draft.
Hence, although the closing of the overfire
damper resulted in better fuel economy,
this economy was obtained by a sacrifice of
clean heating-surfaces. Some amount of
overfire air was necessary in order to pre-
vent the accumulation of soot. It is prob-
able that the amount of overfire air neces-
sary would, to a great extent, be dependent
upon the type of coal and the type of
furnace and stoker used.
An inspection of the radiator, smoke pipe,
and chimney cleanout, at the end of the
series of tests with a 48.6 pounds per hour
feed rate in the stoker-fired plant, indicated
that considerable amounts of fly-ash were
deposited. The ash per pound of coal fired
(theoretical ash) was 7.39 per cent; where-
as the actual weight of all of the ash and
clinkers, together with any unburned com-
bustible, removed from the fuel bed was
only 7.00 per cent by weight of the coal
fired. A chemical analysis of the ash and
clinkers removed from the furnace indi-
cated that only a trace of unburned com-
bustibles (less than 0.05 per cent) remained
in the ash. Hence, the difference of 0.39
per cent of the coal fired may be considered
as an index of the amount of ash, in the
form of fly-ash, 'that was not removed
through the feed door. This represents an
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amount equivalent to 0.39 pound of fly-ash
per 100 pounds of coal fired, or 7.8 pounds
per ton. The amount of fly-ash given off
with the thinner fuel bed and the 27.0
pounds per hour feed rate was greater than
this, but the length of the test series was
too short for an accurate determination. In
the case of the hand-fired plant the differ-
ence between the weight of the ash and
refuse and the theoretical ash was approxi-
mately five per cent. Since no appreciable
amount of fly-ash was in evidence in the
radiator and smoke pipe, this five per cent
may be safely regarded as combustible lost
in the ash and refuse.
Electrical Input and
Incidental Data
The electrical input to the stoker motor
was dependent upon the rate of feed used,
being less for the higher feed rates. At
a feed rate of 48.6 pounds per hour the
kilowatt hours per ton of coal fed was 7.8,
and at a feed rate of 26 pounds per hour it
was 12.9. The total time of operation of
the circulating fan in the forced-air system
was also less with the higher feed rates
than it was with lower ones.
For the purpose of determining the time
consumed in attending the furnace, meas-
urements were made by means of a stop
watch of the time consumed in shaking the
grates, removing ash and clinkers, firing
coal into the furnace hopper, and leveling
the fuel bed. These values do not include
the time necessary to walk from the first
story living room to the furnace in the
basement and back. In the case of the Re-
search Residence this was 1.75 minutes
once a day for the stoker-fired plant and
the same amount four times a day, or 7
minutes for the hand-fired plant. The time
required for attention alone on an average
day was 22 minutes for the hand-fired
plant and 9.75 minutes for the stoker-fired
plant, or a difference of 12.25 minutes per
day. For a heating season of 200 days this
difference would amount to approximately
41 hours in favor of the stoker-fired plant.
If the time used in going to the furnace
is taken into account an additional seasonal
difference of approximately 17.5 hours may
be counted in favor of the stoker-fired plant.
Table 1.
—
Characteristics of Bituminous Coals
Used in Tests With Hand-Fired and Stoker-
Fired Furnaces
General Designation
Size
State
Vein
County
Type
Treated
Proximate Analysis
(as received) per
cent:
Moisture
Volatile Matter
Fixed Carbon
Ash
Ultimate Analysis
(dry basis) per cent
Carbon
Hydrogen
Oxygen
Nitrogen
Sulphur
Ash
Calorific Value,
B.t.u. per lb.
Coal as Received. . . .
Dry coal
Unit coal
Air required, lb. per
dry coal
Friability Index, Dw ,
per cent*
Ash Characteristics
deg. F.**
Initial Deformation.
.
Softening Tempera-
ture
Fluid Temperature
.
.
Stove Stoker
(2"xiy2 ") (1 "xlO-mesh)
Illinois Illinois
No. 5 No. 5
Saline Saline
Non-caking Non-caking
Washed, Washed,
oil-treated oil-treated
3.50 8.50
38.22 30.96
51.61 53.15
6.67 7.39
76.30 74.95
4.90 4.73
8.28 8.94
1.56 1.47
2.07 1.84
6.89 8.07
13040 12107
13514 13232
14670 14550
10.3 10.0
39.8 39.8
1925
2000
2193
1925
2000
2193
*'University of Illinois Engineering Experiment Station
Bulletin No. 218.
** Average Values for Saline County coal given by Illi-
nois State Geological Survey.
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PUBLIC CONTROL OF THE COAL INDUSTRY
C. J. Potter
Formerly Assistant Chief, Marketing Branch, Bituminous Coal Division, Washington, D. C. Now Manager
of Preparation, Rochester and Pittsburgh Coal Company, Indiana, Pennsylvania.*
IT
is unnecessary to go into the merits
of public control of the coal industry
except to point out that the United
States Congress has on many occasions in-
vestigated the industry and has prescribed
many solutions to its admitted ills. The
latest of these is, of course, the Bituminous
Coal Act of 1937 under wihch we are now
functioning.
Elaborate and lengthy public hearings
have been held upon the administrative
processes, yet relatively few persons are
familiar with the aims, purposes, and in-
terpretations now accorded the Act. It is
therefore proper to bring to the public at-
tention the basic theories of the operation
of the Act.
Basic Theories
As pointed out many times, 1 there are
three main factors that enter into the pro-
duction and sale of coal. They are ( 1
)
cost of production, (2) transportation
charges, and (3) quality of coal. Before
discussing these three items it might be
well to point out that the basic theory of
the Act is that the gross minimum realiza-
tion obtained for all coal in a minimum
price area shall be as nearly equal to the
weighted average cost of the same price
area as possible. Roughly this would seem
to indicate that the high-cost mines would
ultimately be forced out of business and
the low-cost producer would then secure
* The remarks in this paper are not to be construed as
being necessarily present or past policies of the Bituminous
Coal Division or the Rochester and Pittsburgh Coal Com-
pany.
1 General Docket No. 15—Before the Bituminous Coal
Commission and the Bituminous Coal Division in the mat-
ter of minimum prices.
all the advantages. Such is not strictly true
because quality and transportation have a
greater effect than cost of production.
(1) Cost of production.—The makeup
of this item is well defined in the Act, and
the actual cost of production in a price area
is determined by weighting the cost against
the tonnage and obtaining the cost of pro-
duction, a figure that is entirely meaning-
less, except for realization purposes, unless
the District and Subdistrict costs are gen-
erally known. It can also be argued that
the cost of production of the individual
mine must be considered.
(2) Transportation charges. — Most
transportation charges are fixed by the car-
riers under Interstate Commerce Commis-
sion supervision. Those transportation
charges which include water movements
such as river, lake, and tidewater, although
not fixed are generally known, and are sub-
ject to usually less than one per cent varia-
tion of the delivered price; subsequently it
will be apparent why this small variation
should be construed as practically mean-
ingless under a proper theory of pricing.
While the truck transportation charges vary
more, this is primarily due to differences in
charges and not to differences in costs.
It is important to point out that the
minimum published transportation charges
(short switching rate) is only about 7.5
per cent of the cost of production, and the
maximum charge upon which large volumes
of coal move are about 300 per cent greater
than the cost of production, whereas a
rough average for the United States of
all coal shipped is 125 per cent of the cost
of production for the transportation charges.
[71]
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Thus can be seen the enormous importance
of transportation charges and why the
Congress said that transportation methods
and charges must be taken into account in
price fixing.
(3) Quality of the coal.—Although the
item of quality is relatively small compared
to the sum of items one and two, it is the
source of the greatest complexity, the least
thought, and the most blame for the troubles
of the coal producers.
Quality of coal is not measured by a
simple proximate analysis including sulfur
and ash-softening temperature. It must in
addition include such items as size of the
coal to be sold, the size consist of such
a size, appearance, friability, grindibility,
whether the coal is caking or free-burning,
and other items peculiar to individual coals.
(One of these items is coke structure and
implies use classification). Reciprocal rela-
tions and merchandising ability of sales
organizations should not be placed in this
category because some sales organizations
are able to maintain better price structures
for exactly the same coal than are others,
and it obviously is not in the public interest
to force the consumer to pay a higher price
for one coal compared to the other when
the coals are identical. A careful analysis
of this item will lead to the conclusion
that if one producer obtains a lower price,
then some other producer will be forced
to obtain a higher price for the same coal
in order to equal the weighted average cost,
and at the same time the consumer receives
no benefits but pays for uneconomical sell-
ing.
Minimum Price Determination
Public control of the coal industry de-
mands that all three of the above items be
considered in the determination of mini-
mum prices. Congress has used the phrase
"relative market value," and the public
therefore demands that coals be priced ac-
cording to their "relative market values."
Is "relative market value" to be considered
the same as market value? Is "relative
market value" simply market value adjust-
ed to the new cost of production? (Cer-
tain Indiana producers now have pending
before the Seventh Circuit Court of Ap-
peals a petition to void present fixed mini-
mum prices, and one of the many grounds
is that relative market value and market
value are the same after cost adjustment.)
Obviously not. The simplest mind can con-
ceive the difference. Coal, like salt, is an
inelastic commodity and is not subject to
the simple laws of supply and demand.
Congress, if it had believed that "relative
market value" was merely an adjusted
"market value," would have simply said,
"There are no evils in the orderly market-
ing of bituminous coal, there are no unfair
trade practices, no excess of supply, there is
no dumping, and all coal is sold on a fair
competitive basis. The only thing wrong
is that costs simply are over realization ob-
tained due to something that no one knows
anything about. We prescribe that all that
is necessary to place the industry on a sound
footing is to determine the cost of produc-
tion, tabulate past invoices for each size
sold in any and all markets, and the new
price structure will simply be the old reali-
zation plus an increased amount equal to
the difference between the weighted aver-
ages of all realizations and costs."
This would be quite simple to do, but it
would mean that the practices of discrim-
ination and coal dumping would necessarily
continue at the expense of the public. Most
coal producers, if this were true, would
have a great deal of explaining to do, for
the actual practice is to have more different
prices in effect than are actually shown in
the minimum price schedules.
It is only fair to point out that the critics of the
price schedules who say that the schedules are too
complex and contain hundreds of thousands of
different prices are the same critics who have asked
for more prices. A good example is the large num-
ber of exceptions in the Illinois price schedule for
railroad locomotive fuel. These prices continue
most past practices of sales and show, as stated
above, the facts that different prices for the same
coal to different consumers do exist. Actually some
of these mine prices from the same mine, shipping
the same size of coal to two different railroads were
in the order of $1.25 to carrier "A" and $2.00 to
carrier "B". This discrimination is largely re-
moved in the minimum price schedules, and reasons
for incomplete removal are inter-district competitive
relationship that would disrupt present flow of com-
merce, but it is pertinent to point out that the
difference between $1.25 and $2.00 was unnecessary.
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I do not mean that invoices are useless,
but I intend to imply that any group at-
tempting to use invoices would necessarily
need to know the most minute details of
more than five million yearly transactions.
Such a group would necessarily be forced
to learn the complete details of an indi-
vidual transaction every 6 seconds, 24
hours per day, 365 days per year. Un-
fortunately such a group would then im-
mediately have to begin all over again.
Experts in marketing know more in general
than could possibly be determined from so
many invoices in any reasonable time.
An intimate knowledge of the distribu-
tion of all sizes of coal, together with a
knowledge of quality relationships and costs
of production and transportation charges,
are more valuable than invoices because
invoices are simply "dead" transactions
without the necessary criteria to transfer
them into "live" material. Statistically, in-
voices would show the good and evil prac-
tices of the industry without differentiating
between the two. It is further interesting
to note that the Division made available
for public inspection certain Illinois and
Indiana spot orders and invoices. Witnesses
using these tried to show opposite relation-
ships, and even descredited certain invoices
by stating that certain relationships were
due to peculiar relationships between buyer
and seller, peculiar domestic markets, pe-
culiar steam markets, peculiar sales prac-
tices, all of which leads to the conclusion
that something was peculiar. Nevertheless,
invoices are records of commerce and in the
aggregate will show economic movement.
In this respect they become distribution
data and are highly important.
To prevent ultimate improper relation-
ships between coals, Congress provided Sec-
tion 4 II (d) of the Act because it recog-
nized that everything in the coal industry's
marketing program was not static, that
errors of judgment were unavoidable, and
that conditions of mining, preparation,
transportation, and consumption would
change. Less than ten years ago the great
(40,000,000 tons per year) lake market
used 60 per cent plus 2-inch coal. In 1937
the consumption was only 33 per cent plus
2-inch coal. Similarly the great markets of
the East, such as the states of New York,
Pennsylvania, New Jersey, and Maryland
now consume only one ton of lump coal
out of 70 tons of coal produced.
The question is then "What is the public
policy with respect to price fixing?" Based
on the conception of the three basic factors
affecting the marketing of coal, the answer
is quite lengthy, but condensing it the fol-
lowing observations are made:
Although cost and transportation make
up the greatest portion of the delivered
value of coal, quality must be given its
full weight. Consider the case of steam
coal or fine sizes; generally markets have
been established for the particular quality
of coal, and it is the very rare exception
when there is sufficient change in quality to
permit movement to new markets outside
the original market.
However, changes in quality, through
face or surface preparation, do permit a
more competitive status for poorer coals, or
enable better coals to have advantages, or
permit a firmer footing in marginal mar-
kets. Changes of this type are quite im-
portant in the by-product coal market. This
type of quality change is all important when
considering the neighboring producer having
similar rate structures and costs of produc-
tion.
Now consider the cases of variation in
cost of production and transportation on
two coals:
It will be noted from table 1 that in
case 1 both coals are competitive, in case 2
coal "A" is non-competitive because none
of the three factors can be varied success-
fully. Case 3 shows that coal "B" is non-
competitive and the same conclusion can be
drawn that coal "B" has no factors that
can be varied for its benefit. However, the
advantage of coal "A" can be used in case
3 to attempt to obtain a greater portion of
the market in case 1 by applying profits in
case 3 against losses in case 1. But if the
producer of coal "B" resents this invasion
and if case 2 is a market similar to case 3,
then he will meet the prices of coal "B"
in market case 1. This is exactly what has
happened in the coal industry and it is easily
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Table 1
Assume two coals having the same cost of production ($2.00), transportation charges changing as shown
below, and coal "A", worth 50 cents (about the maximum quality difference in competitive steam coals)
more than coal "B".
Coal "J"
CASE 1 $2.50 freight
2.00 cost of production
.50 quality differential
5.00
CASE 2 $2.50 freight
2.00 cost of production
.50 quality differential
5.00
CASE 3 $2.50 freight
2.00 cost of production
.50 quality differential
5.00
Coal "B"
$3.00 freight
2.00 cost of production
5.00
$2.50 freight
2.00 cost of production
4.50
$3.50 freight
2.00 cost of production
5.50
Comment
Both coals competitive in this market
Coal "A" non-competive
Coal "B" non-competive
CASE 4 Use same transportation charges and quality, but let coal "A" have a cost of production of $1.75
and that of coal "B"—$2.00.
$2.50 freight
1.75 cost of production
.50 quality differential
4.75
CASE 5 $2.50 freight
1.75 cost of production
.50 quality differential
4.75
CASE 6 $2.50 freight
1.75 cost of production
.50 quality differential
4.75
$3.00 freight
2.00 cost of production
5.00
$2.50 freight
2.00 cost of production
4.50
$3.50 freight
2.00 cost of production
5.50
Coal "B" non-competitive (questionable)
Coal "A" non-competitive (questionable)
Coal "B" non-competitive
seen that the results will always be the
selling of coal under cost of production.
Now consider cases 4, 5, and 6. Here
the delivered differentials are much closer
in cases 4 and 5 and wider in case 6. Coal
"A," having a substantial market such as
case 6, will, if the producer is inclined to be
tonnage-minded, force coal "B" out of the
market in case 4 and at the same time can
afford to raid the market shown in case 5.
Any tonnage losses by coal "B" in these
markets will cause a substantial rise in cost
of production and such a raise is not equal
to the decreased cost of production occa-
sioned by coal "A" 's increased tonnage.
This is extremely important to the con-
suming public, for Congress realized that
displacement of tonnages does not mean
simply a transfer in costs, but that actually
an overall increase in costs results. It will
be seen that Congress has acted in the public
interest. Of course the degree to which a
market is changed depends on the summa-
tion of the three aforementioned factors,
and a definite change in competitive status
is not to be thwarted.
From an observation of table 1, know-
ing that transportation charges, costs of
production, and qualities are extremely nu-
merous, it is possible to see why there are
so many different prices in open competi-
tion and why there are so many obvious
uneconomic movements. These uneconomic
movements, by the way, are commonly
termed "due to freight absorptions normal-
ly made."
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This is not intended to be construed as
not permitting what is commonly called
"freight absorption." I consider the term
"freight absorption" in most cases to be a
misnomer, because the cost of production
and quality has not been considered in these
cases. This is further shown in the next
paragraph relative to an example of the
Southern Illinois and Fulton-Peoria Dis-
tricts where the latter must have a freight
rate advantage in spite of its lower cost,
in order to be competitive in a market.
To further illustrate the theory of
pricing, I might point out that I have had
an opportunity to compare, for example,
Southern Illinois and the Fulton-Peoria
Districts on steam coal. Such comparison
was made from exhibits in General Docket
15 which are public or available for public
inspection. However the figures shown be-
low are only approximate.
Table 2
Freight Rate
Southern Fulton-Peoria Differential
Illinois Market in favor of
Market Fulton-Peoria
Per cent Per cent Per ton
100 $0.30
75 25 .55
50 50 .80
25 75 1.05
100 1.30
Now assume the difference in cost of pro-
duction is 40 cents per ton in favor of
Fulton-Peoria. This means that mine prices
must be such that Southern Illinois will
deliver in a competitive market (50 per
cent) at $1.20 per ton higher than Fulton-
Peoria.
It is such a quality differential that must
be determined, and it is at this point that
size differentials are encountered, and
where it must be determined that coals
such as Southern Illinois must have a wider
price differential between the lump and
slack sizes, and poorer coals such as Fulton-
Peoria have a much smaller price differ-
ential between lump and slack. Such is
true in the open market.
Therefore it is seen that after having
fixed the quality differentials in a competi-
tive market there is no reason from the
viewpoint of the public why Southern Illi-
nois should have the so called "freight
absorptions" in a 25 per cent market or
why Southern Illinois prices should be
raised in a 75 per cent or 100 per cent
market. A similar analysis is true of
Fulton-Peoria. The public would pay a
premium on coal to permit a producer to
have a less realization in an uneconomical
market, but in the aggregate the producer
would receive only cost. Lower prices in
certain market areas must be made up in
other market areas.
Of course there are complications, such
as waterborne coal, balancing of screened
sizes, change in type of demand, different
uses of coal, and many others, but careful
study generally brings the correct answers.
Cooperation of producers solves mining
and preparation problems, but rarely ever
solves the marketing problems. (Most
notable successes in solving marketing prob-
lems are Illinois producers). Why? That
is exactly what the public wants to know.
The public has paid and is paying for
a great industry; and public control is the
result of a determination that marketing
problems must be solved.
COAL MARKETING AGENCIES
R. E. Howe
President, Appalachian Coals, Inc.
A ccording to the latest published in-
/-\ formation on the subject, coal stands
-*-
-^-second in point of value in the min-
eral production industries of the country,
but it is of infinitely more value to the
country, as a whole, on account of the fact
that the bituminous coal industry alone pays
three times as much wages as the runner-up
in the mineral industries. In Illinois, coal
employs twice as many men as your great
meat-packing industry. It also stands at
the head of the list in economic importance,
whether it be for peace-time activities or
for national defense.
Millions of years before the advent of
man, Nature was preparing for his coming
and for his comfort. When giant ferns
and other vegetation were blown down,
they were covered by sand and dirt, sub-
jected to heavy pressure during hundreds
of centuries, and transformed into coal.
It was comparatively recently, however,
that man learned to use this wonderful
material, and even today we have a very
superficial knowledge of its many and
varied uses.
By far the greater part of the coal is
now burned in one way or another, and
in normal times our mines can produce
much more coal than the country can con-
sume. That is why coal has been sold at
prices which have not brought anything like
an adequate return. One reason for this
was that until within the last few years,
coal was bought and sold without regard
to its suitability for the purposes to which
it was to be applied. Many men, both
buyers and sellers, considered coal as a
black substance dug from the ground which
if thrown on a fire would make heat. Little
was done to sell it intelligently and even
less was done toward getting the ultimate
value out of it.
Today, coal is not bought or sold in that
way. Our modern coal tipples are no longer
just sheds built on poles so that coal can
be dumped from mine cars into railroad
cars. A modern coal tipple is really a
large and efficient manufacturing plant.
Such plants clean, size, and otherwise pre-
pare their product to give their customers
the fuel best suited to the consumers' needs.
In our company alone, we have more than
125 different sizes; this is entirely too many
sizes perhaps and should be materially re-
duced, but I mention it here to show the
extent to which the producers have gone to
give their customers what they want.
It was late in the year 1931 that for-
ward-thinking coal producers of the country
concluded to do something about the lack
of intelligent salesmanship. Several meet-
ings were held from which the regional
sales agency plan was conceived. However,
it remained for the producers of the south-
ern high-volatile fields, consisting of West
Virginia, Kentucky, Virginia, and Tennes-
see to really do something about it. After
many meetings and herculean work, Appa-
lachian Coals, Incorporated was born.
The primary purpose of this agency was
and is to sell more coal, intelligently and
efficiently, and at a price, if possible, which
would yield the producer a reasonable
profit after paying his employees a living
wage, and at the same time give the con-
sumer the greatest value for his invest-
ment in fuel.
The new corporation had not gotten un-
der way, however, before the Department
of Justice brought an injunction on the
grounds that it was a monopoly—a com-
bination in restraint of trade and in viola-
tion of the Sherman Anti-Trust Law. It
took about a year to defend this suit and
on March 13, 1933, the Supreme Court
of the United States found in favor of
Appalachian Coals, Incorporated.
The corporation immediately set up of-
fices in Cincinnati and started building its
[76]
COAL MARKETING AGENCIES 77
staff. On April 17, 1933, we formally
opened our offices and started to work.
Let me say right here, that Appalachian
Coals, Incorporated, is a corporation organ-
ized, among other things, to mine coal, to
buy and/or sell coal, to buy or sell coal
lands, to purchase, own, sell and develop,
lease, work and operate coal mines, coal
lands, etc. It is owned by the producers
whose coal it sells; the stock ownership is
based on the annual tonnage of these pro-
ducers. The stockholders elect the Board
of Directors, who in turn, elect the officers,
the same as any other corporation.
In order to carry out our original inten-
tion, we needed to* do many things: we
needed to know all that could be known
about the movement of coal, plants in which
our coal would give the highest efficiency,
statistics on all subjects which had to do
with the production, transportation, and
utilization of coal.
We now have departments covering sta-
tistics, market promotion, and fuel engineer-
ing.
We furnish our producers and sales out-
lets with every conceivable bit of informa-
tion which is useful; and we keep records
of the many industrial plants in our con-
suming area (28 states)—the kind, quality
and amount of coal they use.
We also give fuel engineering service to
our customers to enable them to obtain the
highest efficiency out of our fuels.
We have held 26 fuel engineering con-
ferences in various parts of the country.
At these meetings are the fuel engineers of
our affiliated companies, engineers and plant
managers of our customers, and many other
individuals who are interested in the sub-
ject of efficient fuel utilization.
We are in constant contact with coal
distributors and retailers, both individually
and collectively. We have published a
hundred or more different pamphlets to
home owners, coal retailers, stoker users,
and industrial plants; several million copies
of these have been distributed.
All this has been done to accomplish our
original intention of selling more coal more
intelligently, and giving the consumer full
value for his dollar.
There has been an erroneous impression
almost since the beginning of marketing
agencies that this organization was and is
a price-fixing body, but it has no wish and
certainly not the power to fix prices. It
is, in fact, a fact-finding body. After we
have ascertained all of the facts, we must
reach some conclusions as to the prices
actually existing in the markets for the
various sizes of coal and then, in order
to carry out our contract to sell the coals
of our affiliated producers, we determine
that the prices so found are the prices at
which we must sell the various coals. This
was true before the effective date of the
Bituminous Coal Act and is still true ex-
cept that we cannot sell below the mini-
mums fixed by the Coal Division.
As a great industry which supplies 52
per cent of the nation's energy, we, the
industry, have woefully neglected one vital
thing—research. It is true there have been
sporadic attempts to do some research by
individual companies, and Bituminous Coal
Research, Inc., the industry's own organiza-
tion did outstanding work on small stokers,
stoker coals, and hydrogenation during the
first three years of its existence, and now
we understand it is ready to launch a second
program which will yield further important
results. However, on the whole, the coal
industry has not been realistic in its attitude
toward research. As in other major indus-
tries, a well-balanced research program
could have done much to improve the finan-
cial condition of our industry. We are in-
clined to say that in our present state we
have no money for research. We evidently
have not yet learned that whether we think
we can afford research or not, the fact re-
mains that we cannot afford not to do it.
Appalachian Coals, Incorporated, was the
first marketing agency formed and, except
for a few set-backs occasioned by various
pieces of legislation, has been continuously
and energetically carrying out its original
purposes. Since the formation of Appa-
lachian Coals, Inc., there have been 13
other marketing agencies formed—three of
these in Illinois.
There is no doubt that these marketing
agencies have been of tremendous value to
78 ECONOMICS OF COAL
the coal industry, and I believe other natur-
al resource industries could improve their
situation by adopting some such plan. Some
little activity has already been made in this
direction.
No doubt some of you have wondered
what effect the Bituminous Coal Act of
1937—otherwise known as the Guffey Bill
—is going to have on our industry. This
bill had been a law for about Z]/i years
when the first effective price list was pub-
lished on October 1, 1940. It is too early
to say just what effects it will have. In our
company alone, we have over 40,000 prices,
and the rules and regulations are compli-
cated. We have over 100 marketing areas
in which we sell coal, which makes it very
difficult to follow sales details. We do not
feel competent at this time to pass judg-
ment on the result of this legislation.
Now that the election is over, national
defense is paramount in our minds. What
about coal in national defense? It is of
first importance to almost all national de-
fense industries, to railroad transportation,
and is a basic material for many chemicals
and explosives.
There is an ample coal supply at present,
but with winter coming on, industrial ex-
pansion is growing with ever-increasing
acceleration. More load is being put on the
railroads as this expansion gets under way,
and with the loss of a certain percentage
of our men under the draft, it is impossible
to say that this coal supply will continue
to be ample if customary placement is re-
tained.
The coal industry will do its part, but
in order to do so, it must be given a chance,
with a minimum of interference from regu-
lation, it must have an ample car supply,
and its employees must be permitted to
stay at their jobs.
Permit me, in closing, to congratulate
you upon the wonderful work you are doing
at this great university. The completion of
this grand new building is a tribute to your
foresight and determination better to serve
your State and Nation.
The election is over and no matter what
our views were before, we are one great
nation and if we expect to remain so and
retain our liberty, it behooves us all, what-
ever our political beliefs, or whatever our
station in life, to support our nation to the
end that, as expressed by Abraham Lincoln
:
"..
. .
this nation, under God, shall
have a new birth of freedom—and
that the government of the people, by
the people, for the people, shall not
perish from the earth."
RAILROAD PARTICIPATION IN THE MARKETING OF
ILLINOIS FUEL
C. N. Lammers
Fuel Service Engineer, Chicago and Eastern Illinois Railway Company
The dedication of this new Natural
Resources Building is of tremendous
interest to the railroads who have
these natural resources along their right-
of-way. Research and development of na-
ture's deposits brings traffic to interested
lines and without a doubt, freight traffic
is the lifeblood of the regulated and unsub-
sidized rails.
This huge building and its personnel
represent one of the dividends the Illinois
railroads realize from their taxes. Illinois
can be justly proud of its natural resources
and their development through the Illinois
Geological Survey.
My subject is, "Railroad Participation
in the Marketing of Illinois Coal." Let
us turn the pages back to the World War
days when coal mine operators thought
getting coal out of the ground was their
most important business. They loaded
mine-run or nut, lump, and slack and never
even dreamed of the screen preparations to
come. In the early twenties the Iron Fire-
man Manufacturing Company out in Port-
land, Oregon, started to manufacture a
mechanical coal stoker of the underfeed
type for stores, churches, apartment build-
ings, etc. This business grew rapidly and
by 1927 there seemed to be a demand for
small domestic mechanical stokers. Even
at a $500.00 price, sales were beyond all
expectations and the tremendous stoker
business of today blossomed out in full.
About this time, gas and oil became avail-
able to a much larger section of the country
and resulted in real competition in this
State for both domestic and industrial busi-
ness. For some years oil burners have out-
sold stokers, but every year the stokers are
gaining ground and we hope they will
eventually exceed oil burner sales. The
stoker industry owes a "thank you" to the
oil and gas industries, as they have created
the demand for automatic coal heat.
When the underfeed domestic stoker
came on the market, the Chesapeake and
Ohio and the Norfolk and Western rail-
roads in the East started testing the coal
along their right-of-way to ascertain what
coals gave best results in the new coal
burner. This, so far as I know, was the
first participation by any railroad in the
marketing of coal. By the time these tests
were completed, competitive fuels were
making headway, and these two railroads
created fuel service engineering departments
to promote the use of coal which they haul.
These departments were very succssful and
have made many friends for coal and have
protected their coal operators interests and
helped to keep coal in plants that would
otherwise have been switched to other fuel.
In 1937 the management of the Chicago
and Eastern Illinois Railway, having
watched the performance of the eastern
railroads' fuel service departments, decided
to take part in maintaining coal as the King
of Fuels. The establishment of a com-
bustion engineering department with a fuel
service engineer in charge was the first step
—this made the C.&E.I. Railway the first
western railroad to participate or assist in
the marketing of coal.
A fuel engineer visits many power plants,
and perhaps you would like to know what
one sees in these calls.
Most of the larger power plants are
models of high efficiency
—
just take a look
at the new unit next door—the engineers
in charge are very capable men with defi-
nite interest in their work. Occasionally
you find one with expensive ideas in his
head. For instance, one large plant I visited
used nothing but No. 3 nut coal on 14-foot
chain grates. Raw screenings from a good
[79]
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mine would have given him the same
efficiency at a lower cost, but he was
adamant and demanded No. 3 nut coal,
and his purchasing agent secured it for him.
Such plants are a set-up for competitive
fuels. Among the smaller plants of 300
to 1,000 h. p. you will find the problem
children of the coal industry. Here you
find all kinds of inefficiency. Obsolescence
and lack of maintenance are the main fac-
tors—let's take a look at a few of this type.
I was recently requested to visit a power
plant that was giving low efficiency. While
there I noticed that a great deal of the
mortar between the bricks needed replacing,
as the air was rushing into the furnace
through these crevices. The engineer
proudly boasted of the fact that he never
had any trouble with black smoke—well,
he couldn't with that amount of excess air,
but the black smoke was not burned, it was
just so diluted with air that it was a light
grey, and his combustion efficiency could
not have been more than 30 per cent.
When we know that the more modern
coal-burning plants get from 75 to 87 per
cent efficiency, we can understand the waste
this manufacturing company is having with
their equipment in need of repairs. Stack,
radiation, and ash-pit losses take a tre-
mendous toll from obsolete and broken
down equipment (particularly stack losses)
—the losses may be carbon or may be heat,
in either case it is a waste of money.
On a visit to another power plant I
found that they had been using a very low-
fusion coal on their special design chain-
grate stoker. The fingers of these grates
were burned off to the size of the little
finger—they were formerly more than one
inch in diameter. Of course, this increased
the amount of air through the grates and
naturally reduced the efficiency by furnish-
ing excess air to the fire.
In one plant I found two 125 h.p. high-
pressure boilers being operated on low pres-
sure 7-lb. steam. These boilers were about
fifty years old and were condemned for
high pressure. The efficiency in this par-
ticular plant was so low that from 35 to
50 per cent of their fuel was being wasted
and they were burning two carloads of coal
a week. In another plant which was more
modern, I discovered the stoker out of
order—one of the clinker bars was burned
in two and the engineer puzzled because
he couldn't hand-fire this job and get over
50 pounds of steam in a 125-pound steam
plant. That engineer was contributing
heavily to the smoke nuisance. It is com-
mon to find burned-out grates. The rail-
road fuel engineer can often save such
plants for coal by giving the plant man-
agement unbiased information on his power
plant and what new equipment means to
his costs. There are many other ways that
railroad fuel engineers assist in the market-
ing of coal, such as by advising the use of
certain seams or preparations for the differ-
ent types of equipment now on the market
—by assisting in comparative tests and,
therefore, helping the public to get the
most out of coal.
Since the hauling of coal is—as every-
one knows—about 20 per cent of the entire
freight traffic of the railroads in the United
States, we are primarily interested in fur-
thering the use of coal. This is largely an
educational program since people must be
sold on the idea of the adequacy and econ-
omy of coal over other competitive fuels.
The assistance and cooperation extended
to the C.&E.I. Railway's Combustion En-
gineering Department by the Illinois Geo-
logical Survey has been and is of tremendous
importance to us in this program.
WATER TRANSPORTATION OF ILLINOIS COAL
Rufus W. Putnam
President, Maritime Engineering Corporation
Most of us are in the habit of look-
ing upon Illinois as being in the
heart of an extensive landlocked
area, remote from ships and ports and other
things having to do with the movement of
freight by water. Illinois usually suggests
to us wide rolling prairies abounding in
corn, with the great industrial district of
Chicago to the northeast and the coal and
more recent oil fields in its central and
southerly portions. A minute's reflection,
however, will produce another picture, for
this same industrial Chicago is the locus of
one of the most active maritime develop-
ments in the United States; the richly cul-
tivated prairies are bisected, as it were, by
the comparatively new and already very
busy Illinois Waterway, and they are
bounded on the west by the improved Mis-
sissippi River ; while the coal and oil pro-
ducing sections of the State are not far
removed from these two highways of com-
merce or from the Ohio River to the south.
From the point of view of those who
think in terms of water transportation,
Illinois has a coast line of about 750 miles,
some 580 miles of which are formed by the
Mississippi River, slightly over 130 miles
by the Ohio River, and the balance by Lake
Michigan. It also has the connecting routes
of the Illinois Waterway from Lake Mich-
igan to the Mississippi, 327 miles in length,
and the old Illinois and Mississippi Canal
(popularly known as the Hennepin) which
provides a short cut between Chicago and
points on the Upper Mississippi. All in
all, Illinois has direct access to about 1115
miles of improved inland waterways plus
its contact with the Great Lakes via its
lake ports in the northeast. There are very
few states in the Union to which have been
made evailable such excellent facilities in
the way of inland waterway transportation
routes.
Upper Mississippi
The most recently completed waterway
development affecting Illinois is that of the
upper Mississippi River, though one has to
go well back into the history of this section
of the country to discover when, if ever,
this river had little or nothing to do with
its welfare. The earliest discoverers of this
country made use of it for purposes of ex-
ploration at first, and later for trade, reach-
ing the stream from the Great Lakes by
way of the Fox-Wisconsin River route or
via the Des Plaines and Illinois rivers.
After the War of 1812, when the Middle
West began to develop, and later with the
completion of the Illinois and Michigan
Canal between Chicago and the upper Illi-
nois River, the Mississippi became a real
factor in the commercial life of this part of
the interior. The coming of the early rail-
roads about the time of the Civil War
marked the beginning of a decline in the
importance of the upper Mississippi as a
highway of commerce, but even in the late
nineties it was still at work floating the
remnants of the northern forests to market
in huge rafts pushed by sturdy paddle
wheelers.
The commerce of the early days was
carried on virtually an unimproved stream.
Works for the benefit of navigation were
confined to a few critical locations, such as
the Le Claire Rapids above Moline, but no
general project for improvement was under-
taken until the United States Congress, in
1878, authorized a four and one-half foot
channel from the Ohio River to St. Paul.
Subsequent projects provided for an eight-
foot channel in the lower and a six-foot
channel in the upper reaches, to be accomp-
lished by dredging and by contracting the
stream. These projects were never fully
completed, nor were they successful in re-
[81]
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storing commerce. Traffic continued to
decline until as recently as 15 years ago
it comprised a small excursion business and
some local movements of sand and gravel.
By Acts of Congress in 1927 and 1930
the present nine-foot project for the upper
Mississippi River up to Minneapolis was
authorized, and more recently its extension
to the harbor above St. Anthony Falls at
Minneapolis was provided. The old pro-
gram of improvement by contraction and
dredging was abandoned above the mouth
of the Missouri River as being too uncertain
of definite results, and the methods that
were successful on the Ohio River were
adopted. Projected depths and widths were
obtained by the construction of 26 locks
and dams which overcome a difference in
elevation of about 330 feet between Alton,
Illinois, and the Twin Cities. The last
of these structures was completed this year.
The locks in this project are uniformly
110 feet in width by 600 feet in length,
except for the twin locks at the head of
the improvement which are 56 feet wide
by 400 feet long, and the lock at the power
dam at Keokuk, Iowa, which is 110 feet
by 400. At this latter location the lock
has a lift at low water of 38.2 feet, the
maximum for the project, though only
slightly greater than that of the locks above
St. Paul. The locks at Alton have a lift
at low water of about 25 feet ; for the rest
of the project the lifts at the locks vary
between 5.5 feet and 16 feet. The capacity
of the waterway is limited by the lock at
Keokuk, which, figured at twenty per cent
of its maximum possible use, could handle
about 16,000,000 tons during a navigation
season.
Normal flood stages on the upper Mis-
sissippi River decrease in height from 45
feet at Cairo to 14 feet at St. Paul, while
the extreme flood heights vary from over
60 feet at Cairo to about 20 feet at St.
Paul. This condition is of importance when
loading and unloading operations are con-
sidered. The season of navigation is usually
from March 15 to November 15, although
occasionally ice conditions are severe enough
to suspend navigation as early as Novem-
ber first or to prevent its resumption till
April first. These dates apply to the river
above Rock Island; in the lower reaches
the open season lasts from two weeks to a
month longer.
Just above the city of St. Louis the so-
called Chain of Rocks forms a barrier dur-
ing low water stages to through navigation
by vessels loaded fully for a nine-foot chan-
nel. The War Department has recom-
mended to Congress that provisions be made
for the construction of a canal around this
obstacle; until this, or some other facility
of equal value, is made available vessels
will be restricted in draft to as little as
six feet rather frequently, and to as low
as five feet occasionally.
Thus, except for this one important ob-
struction, there is now available for use as
a highway of commerce about 850 miles
of the Missisippi River improved to a
least depth of nine feet and equipped with
locks of ample dimensions to support a
large volume of water-borne traffic.
When the project was only partially
completed indications of a revival of traffic
were wide-spread. The Federal Barge Line
extended its operations above St. Louis some
years ago, and more recently other operators
have entered the field, transporting sub-
stantial quantities of bulk commodities to
and from various cities along the route,
several of which have supplied themselves
with terminals more or less adapted to the
transfer of the goods thus transported.
Merely as an indication of this increased
use, and not by way of argument, recent
figures published for the locks at Rock
Island indicate an increase in traffic dur-
ing the last year of 400,000 tons, half of
it consisting of coal moving upstream.
Water-borne traffic in coal on the upper
Mississippi River is still somewhat in the
pioneering stage. It started in a small way
a few years ago as an adjunct to the regu-
lar operations of the Federal Barge Line
between St. Louis and the Twin Cities,
in which one or more barge loads were
incorporated into a tow carrying other com-
modities. Now it is a separate operation.
Tows of from eight to twelve barges, each
carrying as much as 1000 tons are pushed
ahead of a tow-boat of 1200 or more horse-
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power. The coal is loaded on the barges
at East St. Louis or at a new terminal at
Alton and delivered at upstream ports from
Davenport to Minneapolis. The total
movement is now of the order of half a
million tons annually.
This undertaking is experimental in the
sense that this has been the first year when
full project depths were continuously avail-
able and when all locks were in service and
had to be passed by the tows. It has been
necessary to train pilots to navigate the
new channels, to do some experimenting
with equipment, and to put up with rather
make-shift facilities at the unloading points.
The movement has not yet reached a size
at any one terminal to justify the expendi-
tures necessary for the installation of rapid
unloaders of the type found on the Monon-
gahela and Ohio rivers and at the Chicago
end of the Illinois Waterway. The same
is true, though not to so great an extent,
at the loading points.
Under present conditions Alton, Illinois,
appears to be the most logical point for
transferring coal from rail to water car-
riers. The railroad connections are ample;
the channel conditions are better as Alton
is upstream of the obstacles at the Chain
of Rocks. The rail rates from the mines to
the river are no higher than those at East
St. Louis.
As to receiving points on the upper Mis-
sissippi, any of the ports from Davenport
to the head of the improvement seem to
be within range of the economies thus far
demonstrated. The cost of transportation
on the river, measured on a ton-mile basis,
is quite uniform as the number of miles
travelled in a pool for each lockage is about
the same if reaches of 100 miles or more
in length are being traversed. The down-
stream limit of the delivery of water-borne
coal is therefore fixed by the distance it is
necessary to transport the coal to accrue
sufficient savings to absorb the other costs
of the joint movement, i.e., the short haul
;
rail differential and the loading and unload-
\ ing costs.
In order to illustrate this situation an
|
operation is assumed out of Alton. A tow
I
of ten barges proceeds upstream for about
280 miles, dropping off two barges of coal
at Davenport; it continues 100 miles to
Dubuque, where two more are dropped off;
thence 145 miles to Winona, leaving two
barges there. The remaining four are taken
to Minneapolis and there exchanged for
four empties. On the downstream journey
the barges left on the way up would be
unloaded by the time the tow boat returned
and these would be picked up enroute. On
reaching Alton the ten barges would be
exchanged for another tow of ten which
would have been loaded during the absence
of the towboat and the cycle would be
repeated. Allowing for two extra barges
for reserves against emergencies the river
equipment required would be twenty-six
1000-ton barges and one towboat of about
1500 horsepower capacity, necessitating an
investment of between $700,000 and $800,-
000.
An operating unit of this type and size
would be able to transport about 170,000
tons annually, and it would cost all told
about $170,000 for interest, depreciation,
taxes, insurance, repairs, maintenance and
operating expenses. Under these conditions
an average of about $1.00 a ton would have
to be realized for the owner to break even.
As this works out roughly at the rate of
two mills per ton-mile the river transporta-
tion costs to Davenport would be $0.56
per ton; to Dubuque, $0.76; to Winona,
$1.05; and to the Twin Cities, $1.30. To
these river costs should be added terminal
charges averaging about $0.50 per ton, and
a short haul rail rate from the mines to
the river of $0.85, assuming that the coal
came from the Belleville district.
The total rail-river costs to each of the
four selected ports would therefore be $1.91
to Davenport, $2.11 to Dubuque, $2.40 to
Winona, and $2.65 to Minneapolis. With
the existing competing railroad rates there
would be a margin in favor of the rail-
water movement of about $0.20 a ton at
Davenport, increasing to nearly $1.00 a ton
at Minneapolis. These figures are based on
moving slack coal for which the added
degradation incident to the extra handlings
is immaterial. While not intended to be
accurate to the last few cents these figures
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illustrate the conditions under which large
scale operations might be conducted, the
approximate economies, and the territory
over which they are effective.
To complete the picture it might be
stated that the delivery costs of eastern coal
via rail to Lake Erie ports, via lake to
Duluth, and rail to the Twin Cities, aver-
ages about $4.10 a ton. Illinois coal, moved
by water up the Mississippi River to the
same places, would have a transportation
differential of about $1.45 a ton with which
to offset difference in mine prices and qual-
ity.
The foregoing estimate of differentials
is, of course, subject to change with any
modification of the railroad freight rates.
It is understod that a new rate schedule
is to be made effective in the near future
which reduces the all rail costs from the
Southern Illinois fields to Minneapolis by
$0.99 a ton, and to Dubuque by $0.16.
Apparently the railroads keep advised as
to the costs of water transportation, for
if these reductions are made effective the
differentials in favor of water will be prac-
tically wiped out.
The only answer to this, as far as the
river interests are concerned, is more effi-
cient transportation equipment, if possible,
and cheaper terminal costs. There seems
to be room for improvement in the latter
direction.
Illinois Waterway
Like the Upper Mississippi, the water
route now known as the Illinois Waterway
was of importance to the early explorers
and fur traders in that it formed about the
only highway over which they could travel
and conduct their trade. Following the
upper reaches of Chicago River, referred
to by one explorer as "meadow ditches,"
through Mud Lake at the Chicago Divide
during floods, or by portage at other times,
to Des Plaines River and thence to the
Illinois and the Mississippi, a trade of
sufficient importance was developed to be-
come a deciding factor, years later, in a
famous law suit which resulted in a finding
by the Supreme Court of the United States
to the effect that these streams and parts
of streams, and "meadow ditches" were
navigable waters of the United States.
The immediate predecessor of the Illi-
nois Waterway was the Illinois and Michi-
gan Canal, built by the State of Illinois,
with federal aid, about 100 years ago. This
canal crossed the Chicago Divide into the
Mississippi valley and terminated at La
Salle, on the Illinois River, some 100 miles
from Chicago. While of rather small di-
mensions when considered in comparison
with modern inland waterway projects, this
canal supported what was then a substan-
tial water-borne commerce. To a large
extent it gave to Chicago the original im-
petus of growth which the railroads and
the lake services, coming later, carried on
so thoroughly.
Beginning about the year 1870 projects
for the improvement of the Illinois River
below La Salle were undertaken ; the State
of Illinois built locks and dams at Henry
and Copperas Creek in the upper reaches,
and the Federal Government built those
at La Grange and Kampsville farther down
stream. Commerce never developed to any
extent as the result of these operations,
however, for the railroads by that time
had demonstrated their command of the
situation and their greater flexibility and
usefulness.
In 1908 an amendment to the constitu-
tion of the State of Illinois authorized a
bond issue for the purpose of defraying the
cost of a modern waterway project between
Lockport and Utica, just above La Salle.
Prior to that time the Sanitary District of
Chicago had constructed the Chicago Drain-
age Canal which carried deep water from <
Chicago to Lockport. Work on this new
waterway was delayed for various reasons
till after the first World War and was then
undertaken by the State and carried almost
to completion when the funds authorized
were exhausted. In 1930, by Act of Con-
gress, the War Department assumed juris-
diction over the project and brought it to
virtual completion in 1933. Five locks
and dams were built under that project,
the locks all to be standard dimensions of
110 feet in width by 600 feet in length.
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When the diversion of water from Lake
Michigan through the Chicago Drainage
Canal into the Illinois Waterway was
ordered reduced by the Supreme Court of
the United States it became apparent that
the new waterway would not afford the
requisite channel dimensions with the re-
duced flow. It was therefore necessary for
the government to build two additional
locks and dams, one just below Peoria, and
the other at La Grange. Considerable ad-
ditional dredging was also required. These
operations were finished about two years
ago, just before the flow of water from
Lake Michigan was actually cut down to
its present volume.
As a result of these improvements there
is now available a canalized waterway, 327
miles in length, containing seven large locks
which overcome a difference in elevation of
about 160 feet between the Mississippi
River and Lake Michigan. The capacity
of the waterway is limited by the lock of
the highest lift. This is the Lockport lock,
which has a capacity of about 20,000,000
tons a year with an average operating rate
of 20 per cent of the maximum.
The navigation season on the Illinois
Waterway averages about 300 days a year,
ice conditions usually interfering with op-
erations during the months of January and
February. With an increased use of the
waterway, ice may cease to be an obstruc-
tion except for occasional ice jams in the
late winter. Average flood heights vary
from 18 feet at the mouth of the Illinois
to 12 feet at La Salle, while maximum
heights are 32 and 18 feet respectively.
Fluctuation in stages is no problem at the
Chicago end of this route as these are not
only limited by the relatively small range
of stages on Lake Michigan, but are actu-
ally controlled by gates and locks. Cur-
rent velocities throughout the entire length
of the waterway are generally negligible
except during floods.
Ever since this route was opened to
through traffic in 1933 there has been a
substantial and continued increase in water-
borne commerce. In 1932 the water traffic
on the Illinois amounted to only 200,000
tons; in 1936 it had grown to 2,200,000
tons; in 1939 to 5,500,00 tons; while the
estimate for this year is over 6,000,000 tons.
The bulk of this traffic is coal, petroleum
products, grain, sand and gravel, and ce-
ment. The balance, while comparatively
small in volume is not so in value as it
consists of miscellaneous package freight
moving long-haul between Chicago and St.
Louis and other ports downstream to New
Orleans, and to export. The success of this
undertaking is rapidly being demonstrated
;
most of the transport equipment is modern,
and operations are on a large scale. The
remaining disadvantages lie at the Chicago
end of the route, where the channels are
comparatively narrow, are crossed by nu-
merous bridges of limited headroom, and
traverse a highly built up territory. The
cost of removing these obstructions is enor-
mous so years will be required to alleviate
this situation.
The coal movement on the Illinois
Waterway started from scratch about four
years ago and now exceeds 2,000,000 tons
a year in volume. The bulk of this traffic
originates in the central Illinois fields near
Springfield, moves by rail to Havana on
the Illinois River, passes through a modern
terminal and on to barges at a rate of over
500 tons an hour, and is towed some 200
miles to Chicago, where it is discharged at
several steam-electric generating stations
located on the water front. This particu-
lar movement is handled in large tows com-
prising the most modern river equipment.
Its pioneering days seem to be over, and its
continued growth, for several years at least,
appears to be assured.
A few miles upstream from Havana, in
the vicinity of Liverpool, Illinois, three
smaller operations have been undertaken on
the right, or northwestern bank of the
river. Two of these receive coal by truck
and one by rail from neighboring Fulton
County mines and thus are similar to some
of the mine-mouth operations on the Ka-
nawha and Monongahela rivers in the East.
In these cases the costs of delivery to the
water front are not out of proportion to the
costs of the entire haul, a situation which
does not apply in the case of shipment of
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southern Illinois coal by rail and river to
points on the upper Missisippi.
These existing movements of water-borne
coal on the Illinois Waterway are fairly
secure from the effects of any possible re-
ductions in railroad freight rates. The rail
traffic in coal to Chicago is so great, by
comparison, that it is unlikely that the rates
on the whole will be reduced in order to
recapture the river movement.
There is little choice between the upper
Mississippi and the Illinois Waterway as
regards adaptability to modern water trans-
port operations. The Illinois has a longer
navigating season, it has longer pools be-
tween the locks, on the average, but nar-
rower channels; it is less subject to high
current velocities, and the channels are less
likely to silt up at the mouths of the tribu-
taries. On the other hand, there are more
bridges across the entire length of the Illi-
nois than there are in over twice that length
of the upper Mississippi and the congested
section near Chicago has no counterpart on
the upper Mississippi. Finally, the unsani-
tary condition of the upper Illinois Water-
way is a decided disadvantage.
These differences between the two water-
ways largely offset each other so that when
costs of river transportation are considered
they work out approximately the same for
large scale operations over long distances.
Terminal costs on the Illinois are sub-
stantially lower than those on the upper
Mississippi due to the fact that better
transfer equipment can be supported by the
larger tonnage handled, and, as previously
brought out, the costs of delivery from the
mines to the water front are much lower
in the case of movements on the Illinois.
All of these factors seem to put the move-
ment of Illinois coal on the Illinois Water-
way in a more impregnable position than
that occupied by the coal traffic on the
upper Mississippi.
Lake Michigan
Practically all of the ports on Lake
Michigan receive eastern coal which is
shipped by rail from the mines in eastern
Kentucky, West Virginia, Pennsylvania,
and Ohio to Lake Erie ports and thence
by lake vessel to destination. A large part
of this coal goes directly to industries lo-
cated on the water front and is used for
coking and other purposes in connection
with the manufacture of iron and steel. A
smaller, but still substantial portion goes
to water-front consumers who are more
concerned with heat values than metallurgi-
cal processes. A large tonnage is handled
through water-front yards to other local
consumers not located on water or not
equipped to handle the transfer operations;
and a portion of the movement is trans-
shipped to the interior.
Eliminating the eastern coal that is used
for metallurgical purposes there remains
a large tonnage that takes this circuitous
route from the east only because of the
habits of the users or of the prices at
which heat units are delivered. It is this
tonnage which might be considered as po-
tential to mines in Indiana, Illinois, and
western Kentucky.
Under present conditions as to costs of
production and delivery but little of the
coal mined in these three districts finds its
way to the Lake Michigan ports except
to those located at its southern end. Ken-
osha, Wisconsin, on the west shore of the
lake, and Holland, Michigan, on the east
shore, are the northern limits of penetra-
tion of any amount of coal from these
fields. North of these ports the use of
eastern coal prevails almost exclusively.
Costs of production and delivery by rail
from the middle west mines can not be
expected to be reduced; the only hope
of extending the field of use of this coal
from these fields in this particular direction
lies in the establishment of joint rail and
water operations.
Some time ago efforts directed toward
the beginning of a movement of this charac-
ter were instituted by the publication of a
schedule of lake cargo rates out of Chicago.
This provided a rate advantage for coal
destined up-lake of from forty to fifty cents
a ton, depending upon the source of the
coal. It is understood that this schedule
has been suspended pending the hearing of
objections before the Interstate Commerce
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Commission, and a long drawn out con-
troversy seems to be confronting those
actively engaged in trying to make these
rates effective.
It is not the purpose of this paper to
elaborate upon questions and policies affect-
ing rates and rate structures ; rather it is
intended to point out some of the matters
that affect the situation in a physical way.
As in the case of joint rail and water oper-
ations on the inland waterways, suitable
terminals must be available at each end of
the water route, and water transportation
equipment appropriate to the service in
which engaged must be provided. To be
successful the movement must be in sub-
stantial volume or it can not hope to com-
mand the investments required for the neces-
sary facilities.
The existing traffic in lake cargo coal
passes through transfer facilities at the
Lake Erie ports that are unequalled else-
where in efficiency and speed of operation.
It is thus possible to attract to this service
the larger and more economical lake freight-
ers which are largely responsible for the
maintenance of the costs of long-haul lake
transportation at a comparatively low level.
At the larger receiving ports rapid un-
loaders have been installed to expedite the
discharge of cargoes and reduce the port
time of an expensive vessel to a minimum.
The rail-lake movement of coal under
consideration in this paper does not parallel
the operations just described. In the first
place the movement out of Lake Erie to
the upper lakes covers one-way distances
in excess of six hundred miles. A move-
ment out of Chicago to Lake Michigan
ports would probably not extend farther
north than Manitowoc, Wisconsin, a one-
way sailing distance of not two hundred
miles. The bulk of the movement out of
Lake Erie goes to large centers of consump-
tion or distribution ; the traffic out of Chi-
cago would be somewhat of a peddling job,
i.e., small cargoes to a number of small
consuming centers (Milwaukee being the
one exception). It can not be expected,
therefore, that this Lake Michigan traffic
out of Chicago would command the services
of the larger lake carriers; they can not
afford to spend time required by the fre-
quent loadings and unloadings and other
port delays incident to comparatively short-
haul traffic.
The solution may be found in the use of
vessels in a smaller class, those in the neigh-
borhood of 5,000 tons carrying capacity.
These will be more suited to the trade, will
have less difficulty in entering and leaving
the smaller ports, and the port delays that
necessarily occur will be less expensive. It
will also be found that many of the ports
to which coal might be delivered are
equipped with unloading facilities which are
entirely adequate. Further, that many self-
unloading vessels are in service in the coal
trade, ranging in size upwards from 3,000
tons carrying capacity, which are inde-
pendent of unloading facilities at the ports
where they make deliveries.
As to transfer equipment from rail to
lake vessel, there is nothing now available
in the Chicago district which would be at
all suitable. Provision would have to be
made in the way of facilities of adequate
capacity to handle the expected traffic. A
terminal serving all railroads interested in
delivery of coal to ship-side would be
preferable as then the aggregate tonnage
would be sufficient to jutsify the expendi-
tures necessary to obtain efficient and rapid
equipment. A readily accessible location
should be selected.
Considering all of the factors entering
into the problem of the transfer and water-
borne movement of coal between railroad
car and destination it appears that the
over-all costs should approximate those now
prevailing for the longer-haul traffic from
Lake Erie. Transfer costs at a union termi-
nal should not exceed ten cents a ton ; vessel
rates should average not over fifty cents a
ton; and unloading rates at the receiving
ports should be the same as those applying
to the traffic from Lake Erie. Under these
conditions the economic problem of enter-
ing the markets on Lake Michigan now
dominated by eastern coal resolves itself
into a comparison between costs of produc-
tion, costs of delivery from mine to water
front, and the physical characteristics of
the coals.
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Fig. 14.—Areas of Devonian outcrop in southern I Hi
different in its various local developments
from that in southern Illinois (fig. 15).
The outcropping Devonian strata of
southeastern Missouri and western Tennes-
see are located on the flanks of the Ozark
uplift and the Nashville dome respectively.
Both were positive structural areas during
the Devonian period, and the movements
which affected them resulted in an incom-
plete stratigraphic section in Missouri and
numerous unconformities in Tennessee.
Southern Illinois, apparently farther re-
moved from these areas of disturbance,
experienced more continuous deposition of
sediments and less erosion during the sev-
eral intra-Devonian emergences and would
appear to be a better place to study the
Devonian system. Perhaps it is, but compli-
cated structure, incomplete exposures, ex-
tensive alteration, and lack of fossils in
some parts of the section leave much to be
desired, and many problems remain to be
solved.
Southern Illinois Succession
The Devonian rocks of southwestern
Illinois lie on the flank of the Ozark uplift
and along the axis of the Harrison Creek
anticline, a north-south fold that locally
forms the eastern boundary of the present
Ozark structural province. To the north
they are separated from the Mississippian
strata by the abrupt Rattlesnake Ferry
fault-and-flexure zone, and to the east they
dip regularly beneath the Mississippian for-
mations at the southern tip of the Illinois
basin province. 9
The Devonian system consists mainly of
very siliceous and cherty limestone that
has been deeply leached and further silici-
fied by weathering processes. To the north,
shale is practically absent except in the
Mountain Glen formation, but southward
it increases in both the lower and upper
parts of the system—at the base of the
Bailey and throughout the Lingle and Alto
formations respectively. In contrast, mas-
sive pure limestone is most conspicuous
to the north, where it comprises the major
parts of the Backbone and Grand Tower
formations, but southward, strata of this
type thin out, become cherty, or otherwise
disappear from the exposed succession.
Contacts between the various formations
are exposed at very few places. More or
less important unconformities are believed
9 Weller, J. M., Geology and oil possibilities of extreme
southern Illinois: Illinois Geol. Survey Rept. Inv. No. 71,
Pl. I, 1940.
IN SOUTHERN ILLINOIS 91
UNION CO
ILLINOIS
=^e^- MOUNTAIN GLEN
STE.GENEVIEVE^CO:
MISSOURI
\ WESTERN
TENNESSEE
CHATTANOOGA
PEGRAM
CAMDEN
HARRIMAN
OUALL
CATURVILLE
BIRDSONG
OLIVE HILL
.-X-^^E ROCKHOUSE
Fig. 15.—Correlation of Devonian formations in southern Illinois, southeastern Missouri, and western
Tennessee.
to separate the Grassy Knob, Backbone,
Clear Creek, and Dutch Creek formations
(figs. I7e, 18a, and 18c). Other probable
unconformities divide the Grand Tower
and Lingle and the Alto and Mountain
Glen formations. Contacts between the
Bailey and Grassy Knob and the Dutch
Creek and Grand Tower appear to be
transitional. The Lingle-Alto contact has
nowhere been observed.
Fossils are very unequally distributed
throughout the Devonian system of south-
ern Illinois. Specimens are abundant in
the lower part of the Backbone, in the
upper part of the Clear Creek, in the Dutch
Creek, and in some parts of the Grand
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Tower and Lingle formations. They are
rare or absent from the greater part of the
Bailey, all of the Grassy Knob, the lower
part of the Clear Creek, and all of the
Alto and Mountain Glen formations. The
faunal characters of the Bailey limestone
are known principally from collections ob-
tained in Perry and Ste. Genevieve coun-
ties, Missouri.
Correlation Problems
The various Devonian formations of the
central states have been more commonly
correlated, on the basis of their fossils, with
the classic Devonian section of New York
than with each other. Except for such well
known formations as the JefEersonville of
Indiana and the Grand Tower of Illinois,
,
' :
: :.;..,:..
.
'.-:
. r : :- -y.^r,- -- - ' -^ ,,y;-^.r.^^.^.-:,.,^
Fig. 16.—Bailey limestone exposed in cut of State Highway No. 3 two miles southeast of Thebes.
A knob of unweathered limestone projects into completely weathered rock. Weathering has not
decreased the thickness of the beds, and prominent layers of chert pass without interruption
across the whole exposure.
Fig. 17a.—Bluff of thin-bedded cherty Bailey limestone east of Aldridge in northern Union County.
b.—Pit of the Novaculite Paving Company two miles northwest of Tamms. Two hundred feet of
shattered leached chert is exposed in this vicinity. Contact between the Grassy Knob and Clear
Creek cherts, possibly separated by a thin chertified representative of the Backbone limestone, is
probably present in this exposure but its exact position has not been determined.
c.—Massive chert in the middle of the Grassy Knob formation exposed in the bluff above Big Muddy
River one mile north of the Jackson-Union county-line. The hammer marks a conspicuous styloly tic
parting.
d.—Massive mottled chert of the Grassy Knob formation two miles northeast of Olive Branch.
e.—Contact between the Backbone limestone and Grassy Knob chert exposed on a branch of Hutchins
Creek 33^ miles northeast of Wolf Lake. The dark line a foot below the overhanging ledge is be-
lieved to mark an unconformity.
f.—Massive Backbone limestone in the bank of Big Muddy River half a mile southwest of Rattlesnake
Ferry. The dip is to the north toward the nearby Rattlesnake Ferry fault.
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and the Camden of Tennessee and the
Clear Creek of Illinois, conclusions regard-
ing their mutual equivalences have been
based largely upon these long-range correla-
tions. Such a situation is unsatisfactory,
but certain alternative correlations based
on lithology and stratigraphic succession
in neighboring areas have proved even less
convincing. 10 A comprehensive review of
Devonian correlations is urgently needed,
but careful restudy of the faunal evidence,
which is essential for such a review, has
not yet been undertaken in southern Illi-
nois. Nevertheless, certain suggestions in
the light of present knowledge may be
worthwhile in pointing the way for future
studies.
Bailey limestone.—This formation is
characteristically a fine-grained thin-bedded
very siliceous and cherty limestone that is
easily recognized by its lithology at all
outcrops in Illinois and Missouri (figs. 16
and 17a). Its Helderbergian age is clearly
attested by fossils collected in Missouri. It
probably overlies the Silurian Bainbridge
formation unconformably, but apparently
this contact has nowhere actually been ob-
served.
The Bailey chert commonly occurs as
more or less rounded nodules, gray to
nearly black, and weathers to olive gray.
It is of the chalcedonic type. In general
the chert becomes more abundant upward
in the formation and likewise increases in
amount throughout the formation from
north to south.
Helderbergian strata in western Tennes-
see constitute four formations of distinctly
different lithology separated from each other
by unconformities. No breaks in the Bailey
succession have been recognized in Illinois
or Missouri, but certain members may be
distinguished at least locally. Unfortunate-
ly fossils are nowhere abundant enough to
make detailed correlations with the Helder-
bergian formations of Tennessee reasonably
certain.
In Illinois the lower part of the Bailey
becomes increasingly shaly southward, and
it is possible that this part of the formation
10 Wcllcr, J. M., Devonian system, Guide book: Kansas
Geol. Society, 13th Ann. Field Conf. p. 130, 1939.
corresponds to the Rockhouse shale of Ten-
nessee.
In Missouri the upper half of the Bailey
is much more cherty than the lower half,
and these two parts are separated by a thin
but apparently persistent bed of pure crys-
talline gray limestone. Although these di-
visions have not been recognized in Illi-
nois, the upper part of the formation is
generally more cherty than the lower part.
The lower part of the Bailey above the
basal shaly beds in Illinois probably cor-
responds to the Ross and Pyburn members
of the Olive Hill formation in Tennessee
which, according to descriptions, are char-
acterized by typical Bailey lithology. The
middle crystalline limestone of Missouri
appears to resemble the Flat Gap member
of the Tennessee Olive Hill formation
and may well correspond to some part of
that member.
The upper part of the Helderbergian
section in western Tennessee is much differ-
ent lithologically from that in Illinois and
Missouri. No unconformity limiting the
Bailey limestone above is recognized in
Illinois, and presumably some of the upper
part of this formation becomes shaly to the
southward and passes into the Birdsong
shale of Tennessee.
Grassy Knob chert.—As seen in outcrops,
the Grassy Knob formation consists almost
exclusively of chert which differs from the
Bailey chert by its occurrence in continuous
beds up to a foot or more in thickness,
by its novaculite character, and by its white
color commonly mottled with gray or
brown. The chert in the middle part of
the formation is exceptionally massive.
Stylolitic partings are common at many
places (figs. 17c and d).
The Grassy Knob chert occupies the
same relative stratigraphic position in the
Illinois section as the Decaturville chert
of Tennessee but their correlation is un-
certain. The Decaturville carries a well-
marked Helderbergian fauna. Fossils are
very rare in the Grassy Knob, and the only
three species recorded from this formation
are unknown below the Oriskany else-
where. 11 It is not known, however, from
11 Bassett, C. F., op. cit., p. 364.
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what part of the Grassy Knob these species
were derived, and if they came from the
upper part, which seems most likely, the
Decaturville may be represented in the
lower Grassy Knob or the transition beds
at the top of the Bailey.
Grassy Knob chert is almost certainly
present west of Mississippi River in Perry
County, Missouri. 12 In Ste. Genevieve
County, the Little Saline limestone uncon-
formably overlies the Bailey and no inter-
vening chert formation has been recognized.
Some of the hillsides underlain by Bailey
limestone, however, bear residual chert of
the Grassy Knob type, and it is possible
that thin remnants of this formation may
pe present locally.
Backbone limestone.—The Backbone for-
mation is typically light gray crystalline
limestone, similar to part of the Little
Saline limestone of Missouri to which it
is equivalent (fig. 17f). Southeastward in
Illinois the upper part of the Backbone be-
comes increasingly thin-bedded and cherty.
The lower crystalline limestone member
probably corresponds to the Quale lime-
stone of western Tennessee, and the upper
cherty member appears to pass into the
overlying Harriman chert.
Clear Creek chert.—The Clear Creek
formation consists of white, more or less
mottled, novaculitic chert with which are
generally associated subordinate amounts
of siliceous fine-grained gray limestone (fig.
18b). Much of it closely resembles the
older Grassy Knob chert and the cherty
phase of the underlying Backbone lime-
stone. The Clear Creek is equivalent to
the Camden chert of western Tennessee,
but no corresponding formation is present
in outcrop in Ste. Genevieve County, Mis-
souri, and an important unrecognized un-
conformity must separate the Little Saline
and Grand Tower limestones in that area.
Clear Creek chert may be present, however,
in Perry County, Missouri, where it has
not been distinguished from the older
Grassy Knob chert.
Dutch Creek sandstone.—The Dutch
Creek is a massive sandstone composed of
rounded grains of St. Peter type, and
12 Mapped by Bridge and Flint as Clear Creek chert.
generally contains abundant molds or casts
of fossils. It is commonly white and friable
although its weathered surfaces are brown
and case-hardened (fig. 18d). This forma-
tion is the first of several similar sandy
zones of limited extent that occur in differ-
ent areas at various horizons above the
top of the Clear Creek chert. These zones
apparently resulted from uplift and erosion
of the Ozark region from which reworked
sand was irregularly contributed to the
surrounding sea. The Dutch Creek sand-
stone is known only in southwestern Illi-
nois although residual boulders probably
derived from this formation have been re-
ported in southeastern Perry County, Mis-
souri. It was obviously originally very cal-
careous, and in unweathered outcrops and
in subsurface records it appears to be repre-
sented by very sandy limestone at the base
of the Grand Tower. Perhaps it should
be considered the basal member of the
Grand Tower limestone rather than a
distinct formation.
Grand Tower limestone.—The Grand
Tower is a pure, light to medium-dark
gray more or less crystalline limestone with
little chert (fig. 18e). It appears to be
part of one of the more widespread Devo-
nian deposits of the interior sea. The Louis-
ville limestone of Indiana and Kentucky
and the Pegram limestone of western Ten-
nessee are equivalent to part of this forma-
tion. The Grand Tower limestone is thick-
est in Ste. Genevieve County, Missouri, and
thins to the southeast. It is not known
to extend south of the latitude of Jones-
boro in Union County, Illinois.
The Beauvais sandstone of southeastern
Missouri is a local formation similar to
the Dutch Creek sandstone of southern
Illinois. Perhaps it also should be con-
sidered only a member of either the Grand
Tower or the overlying limestone.
Lingle limestone.—The Lingle is an im-
pure and variable limestone containing
important amounts of argillaceous and silty
material and some chert. The more char-
acteristic beds are dark colored very fossil-
iferous limestone, but dark shaly limestone
and various kinds of shale are likewise
present. Southward the shaly beds make
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up a progressively larger part of the for-
mation, and Savage applied the name Mis-
enheimer shale13 to argillaceous beds that
underlie limestone of the typical Lingle
character. Other similar shaly beds, how-
ever, occur abundantly at higher horizons,
and no such formation as the Misenheimer
can be consistently recognized (fig. 18f).
The Lingle limestone is equivalent to
part if not all of the St. Laurent forma-
tion of Missouri. Although the latter in-
cludes several sandy zones of the Dutch
Creek-Beauvais type, much of it is light
gray more or less crystalline limestone, and
it is apparent that strata of this age be-
come increasingly impure and argillaceous
to the southeast as far as they are known
in outcrops in Missouri and Illinois.
Alto limestone.—The Alto formation is
similar in a general way to the Lingle but
contains few fossils. True limestone is not
abundant and is mostly dark, very siliceous,
and somewhat cherty. Other strata consist
of variable types of more or less calcareous
shale, siltstone, and fine-grained sandstone.
Lack of fossils makes correlation uncertain,
and this formation may be in part equiva-
lent to the upper St. Laurent of Missouri
although it is equally possible that at least
part of the Alto may be younger than
any known St. Laurent. The recognition
of the Alto as a formation distinct from
the Lingle is likewise questionable because
their stratigraphic relations have nowhere
been observed, and the known Alto fauna
is probably inadequate for a positive identi-
fication of its post-Hamilton age.
13 Savage, T. E., The Devonian formations of Illinois:
Am. Jour. Sci., 4th ser., vol. 49, pp. 170, 176, 1929.
Mountain Glen shale.—The Mountain
Glen is a black shale of characteristic Chat-
tanooga type that is present on the flank
of the southwestern Illinois Devonian area
both to the north and south but is absent
from the stratigraphic section between
Jonesboro and Elco. Eastward, however,
black shale has been encountered below the
surface in almost all wells sufficiently deep
to reach its horizon, and the Mountain
Glen is obviously equivalent to part of the
much thicker black shale of Hardin County
that has been termed Chattanooga14 or New
Albany15 shale.
Much difficulty is encountered in any
attempt to differentiate the post-Clear
Creek Devonian formations in the well
records of southern Illinois, and it is possi-
ble that parts of the Alto and Lingle for-
mations grade eastward into the lower part
of the New Albany shale. Not only is
this possibility suggested by the eastward
thickening of the black shale but also by
the occurrence of dark gray Sporangites-
bearing shale which has locally been ob-
served at outcrops of some of the pre-
Mountain Glen formations in Union
County. If such lateral gradation does
take place, however, it does not persist to
a horizon as low as the top of the Grand
Tower limestone, because Lingle (Hamil-
ton) fossils occur in beds below the New
Albany in Hardin County (residual chert)
and farther east in Indiana and Kentucky
(Sellersburg limestone).
14 Butts, Charles, and Weller, Stuart, in The Geology of
Hardin County: Illinois Geol. Survey Bull. 41, p. 87, 1920.
15 Weller, J. M., and Sutton, H. A., Mississippian bor-
der of Eastern Interior basin: Am. Assoc. Petroleum Geolo-
gists Bull. vol. 24, p. 778, 1940; Illinois Geol. Survey
Rept. Inv. 62, 1940.
Fig. 18a.—Unconformable contact between Clear Creek chert and Backbone limestone in W.P.A. quarry
north of Grand Tower,
b.—Clear Creek chert containing irregular lenses of gray limestone in W.P.A. quarry north of Grand
Tower,
c.—Contact of Dutch Creek sandstone and Clear Creek chert exposed along Hamburg Road \Yl miles
west of Jonesboro. This sharp even contact probably marks an unconformity,
d.—Dutch Creek sandstone 33^ miles northwest of Jonesboro. It is white and friable beneath the
brownish case-hardened surface. Notice the abundant fossil molds,
e.—The Bake Oven north of Grand Tower. This is the best exposure of Grand Tower limestone in
Illinois,
f.—Post-Grand Tower shale on Lingle Creek. The Lingle and Alto formations cannot be distinguished
in this vicinity, and shale (of Misenheimer type) occurs in several parts of the section.
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Alteration Problems
As commonly seen in outcrops, the De-
vonian rocks of southern Illinois consist
dominantly of novaculitic chert and other
forms of silica (fig. 17b). At most places,
and particularly south of the latitude of
Jonesboro, they are obviously deeply leached
and weathered. The character of the chert
and the relations of chert to limestone,
where the latter is present, strongly suggest
that these beds have been greatly altered.
The original nature of the different types
of limestone that are believed to have once
made up the Devonian succession in this
area appear to have exerted an important
influence on the kind and extent of subse-
quent alteration. This alteration probably
was accomplished in two stages : ( 1 ) silici-
fication, and (2) leaching and weathering.
Original nature of limestone.—Devonian
limestone now present and visible in the
outcrops of southern Illinois may be rough-
ly subdivided into four types as follows:
(a) pure limestone (most of Grand Tower
and lower part of Backbone)
;
(b) siliceous
limestone (Clear Creek and upper part of
Backbone)
;
(c) very siliceous limestone
(Bailey) ; and (d) silty argillaceous and
commonly more or less carbonaceous lime-
stone (Lingle and Alto). There is no
reason to believe that these types are not
representative of the limestones as they
were originally deposited in the Devonian
seas. Some of them were probably orig-
inally cherty.
Evidence of silicifi cation.—The evidence
of extensive silicification of limestone prior
to more recent leaching and weathering is
clear only in the Clear Creek formation,
but if the interpretation of this evidence
is correct, is it reasonable to assume that
similar silicification affected the Grassy
Knob and parts of the Backbone forma-
tions because these beds are now so similar
to the Clear Creek that differentiation is
extremely difficult.
Stylolites, generally believed to have been
produced by differential solution along bed-
ding-planes in limestone, are common at
many places in the Clear Creek and Grassy
Knob cherts. Well developed stylolitic sur-
faces with interpenetrating columns up to
an inch or more in length separate beds
of novaculitic chert, and in the Clear Creek
formation stylolitic partings have been ob-
served to pass from chert into limestone.
At a few places chert and limestone layers
separated by a well developed stylolitic
surface have been noted. These stylolites
in the Devonian chert of southern Illinois
are believed to be relic structures originally
developed in limestone which was subse-
quently silicified and changed to chert.
Chert stylolites also occur but are not com-
mon higher in the section in the Lingle-
Alto beds, but they have not been seen in
place.
Similar fossils are present in both chert
and limestone in the upper part of the
Clear Creek formation. At many places the
individuals are large and specimens are
abundant, and it is obvious that conditions
during sedimentation were unusually favor-
able for marine life. There is little or no
suggestion that environment was greatly
different during the times when beds of
limestone and other beds that are now
chert were originally deposited. Fossils in
the chert are commonly preserved as molds
and casts, but some silicified shells have
been collected and it is obvious, therefore,
that some replacement of calcium carbon-
ate by silica has occurred. Altogether, it
appears unlikely that organisms that secrete
calcareous shells would have thrived in
a marine environment where the deposition
of silica greatly predominated over the depo-
sition of lime, and it is probable, therefore,
that a large part of the chert now present
in the formations was produced by silici-
fication subsequent to deposition of the
original sediment.
At those places in northern Union and
southwestern Jackson counties where chert J
and limestone are intimately associated in
outcrops of the Clear Creek formation, the
relations of these two kinds of rock are
commonly the reverse of those existing in
most cherty limestones. Here chert forms
the bulk of the exposures, and limestone
is present in irregular lenticular tabular
masses up to a few inches thick and a few
feet in diameter, lying parallel to the bed-
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ding (fig. 18b). Boundaries are fairly
sharp but there is little tendency for the
unweathered rock to break along these
boundaries. Texture of chert and limestone
is remarkably similar, both being minutely
granular, and distinction is apparent main-
ly because of the difference between the
opaque white color of the chert and the
gray color of the limestone. These in-
clusions of limestone have the appearance
of unaltered cores surrounded by chert that
was formed by progressive replacement in-
ward from joints and bedding-planes. Lo-
cally the white chert of the Clear Creek
formation encloses abundant more or less
slender cylindrical strands of gray lime-
stone that extend irregularly in all direc-
tions. No feature of original deposition
seems to offer a satisfactory explanation
for such relations between chert and lime-
stone.
Selective nature of silicifi cation.—The
fact that certain parts of the Devonian
strata in southern Illinois appear to have
been much more silicified than others sug-
gests that silicification was selective, and the
common association of fine-grained siliceous
limestone with secondary chert indicates
that this type of limestone in the Clear
Creek and upper part of the Backbone for-
mations, and probably also in the Grassy
Knob, was more readily replaced than
either the much more siliceous limestone
of the Bailey or the pure granular lime-
stone of the lower Backbone. The Bailey
limestone is so fine-grained and so siliceous
that action of dilute hydrochloric acid is
effective for only a short time on a freshly
broken surface. This formation appears to
have been equally impervious to the action
of silicifying solutions, for it shows little
or no evidence of replacement before the
time of leaching and weathering. The lower
and purer part of the Backbone limestone
is without chert. The upper more siliceous
beds, which resemble the limestone of the
Clear Creek, contain chert layers with
abundant molds of crinoid stem segments
and a few other fossils, and it is apparent
here that replacement did not affect the
nonsiliceous calcite of the fossils. The com-
mon occurrence of fossils as molds and
casts in the Clear Creek chert likewise
demonstrates the general failure of silici-
fying solutions to cause replacement of pure
calcium carbonate. Altogether it is fairly
evident that if replacement did occur, the
process was highly selective and was most
effective upon an intermediate type of fine-
grained siliceous limestone. This selectivi-
ty is also shown by the irregular strands
of limestone present in the chert at some
localities, as mentioned in the last para-
graph, which probably differed slightly in
composition from the surrounding rock,
perhaps as a result of the activities of bur-
rowing organisms.
Time and cause of silicification.—Nei-
ther the time nor the cause of the silicifi-
cation which appears to have greatly altered
an important part of the Devonian section
in southern Illinois can be adequately de-
termined at present.
The apparently great concentration of
silica in the pre-Grand Tower Devonian
formations at their outcrops and their per-
sistence as very cherty formations beneath
younger strata (as shown by a few deep
well records) suggests that this chertifica-
tion may have been mainly accomplished
during the interval of emergence represent-
ed by the post-Clear Creek
—
pre-Dutch
Creek unconformity. The existence of such
an unconformity of wide extent, however,
has not been positively established, and the
occurrence of other beds as young as lower
Mississippian (Hartline chert of Illinois
and upper Arkansas novaculite of Arkan-
sas), likewise largely composed of novacu-
litic chert, casts much doubt upon this con-
clusion. Perhaps the chert encountered in
wells is original chert which should not
be confused with secondary chert in the
outcrops. If the novaculitic chert of early
Mississippian age is also secondary, and if
it was produced by silicification similar to
that believed to have given rise to the De-
vonian chert, a much later date of altera-
tion is indicated.
The occurrence of novaculitic chert in
Arkansas, southeastern Missouri, southern
Illinois, and western Tennessee in a zone
concentric with the present border of the
Mississippi embayment deposits suggests
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that some definite but as yet unexplained
connection exists between the silicification
of certain types of limestone and the late
Cretaceous sea which probably inundated
this area. If this is so, the silicification must
have been highly selective, as previously em-
phasized, because other types of limestone
not only in the Devonian but also and to
an even greater extent in the Mississippian
system were not similarly chertified even
though they must have been subject to the
same conditions and influences over ex-
tensive areas.
Effects of leaching and weathering.—
Most of the Devonian outcrops in southern
Illinois are so deeply leached and weathered
that the original nature of the formations
is more or less completely obscured. The
Bailey limestone, however, which was rela-
tively impervious to silicification, was also
most resistant to weathering, and more
fresh exposures of this formation exist than
of all the other Devonian formations com-
bined. Near the surface the Bailey has
been thoroughly leached of its calcium car-
bonate but the formation is so impure that
the removal of this constituent has caused
little or no reduction in the thicknesses of
the strata (fig. 16). Weathering, however,
has resulted in considerable redistribution
of the original silica of the formation, and
weathered outcrops contain much more
chert than fresh ones.
Considerable amounts of limestone have
been removed by solution from the Grassy
Knob, Backbone, and Clear Creek forma-
tions, and no limestone has been observed
in the outcrops of this part of the Devonian
section south of the latitude of Jonesboro.
The position of former limestone beds is
shown particularly well in the Grassy
Knob formation by squeezed and discon-
tinuous layers of very siliceous and gritty
gray clay, and in the Clear Creek formation
there are openings that have been filled with
exceedingly fine-textured laminated dark
red ocherous clay. These clays are probably
the residue of impurities originally present
in the limestone that have remained after
the removal of calcium carbonate. Parti-
ally calcareous chert, that appears to have
been most abundant in the upper part of
the Clear Creek formation, has likewise
been leached to produce the more or less
pulverulent siliceous deposits that are the
source of the local "tripoli." Some rear-
rangement of silica seems also to have oc-
curred and is perhaps continuing to the
present time, which resulted in the develop-
ment of the more massive and dense chert
layers and the cementation of chert breccias.
The Dutch Creek sandstone was un-
doubtedly originally very calcareous, but at
all outcrops, except possibly near Grand
Tower, it has been thoroughly leached and
remains as a very friable sandstone. The
surfaces of outcrops are commonly case-
hardened by the local deposition of limonite
and silica, and at a few places, probably
adjacent to faults, these minerals so com-
pletely impregnate the rock that it is trans-
formed to an exceedingly hard and resist-
ent limonitic or quartzitic sandstone.
The pure limestone of the Grand Tower
formation has been attacked principally by
solution, and its zone of outcrop in northern
Union County is marked by numerous sink-
holes. The basal pure limestone portion of
the Backbone formation has likewise suf-
fered mainly from solution, and limestone
of neither of these formations occurs in
outcrops south of the latitude of Jonesboro.
The silty and argillaceous beds of the
Alto and Lingle formations have been ex-
tensively leached of their calcium carbonate
and especially to the south, where these for-
mations appear to have included little rela-
tively pure limestone originally, they are
now largely represented by shale and more
or less minutely porous strata that were
evidently once very impure limestone. Ex-
cept for one small area west of the village
of Mill Creek, unweathered outcrops of the
Lingle and Alto formations are confined
to the region north of the latitude of Jones-
boro.
The Mountain Glen shale shows little
effect of weathering except immediately
adjacent to the surface, and a small amount
of recent erosion is sufficient to produce
fresh exposures of this formation.
Time of leaching and weathering.—The
outcrops of the Clear Creek formation in
northern Union County that contain both
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limestone and chert exhibit only those struc-
tures that are common to most stratified
deposits which have undergone a moderate
amount of deformation. In other Clear
Creek and Grassy Knob outcrops that lack
limestone the chert is generally contorted
into many minor structures; small faults
with attendant slickensides are locally com-
mon, especially in the more massive beds,
and the chert is almost everywhere intense-
ly shattered. These structural differences
which distinguish the unweathered from
the weathered outcrops indicate that the
development of many small structural ir-
regularities and the innumerable fractures
of the chert are related to the weathering
processes. As previously mentioned, clays
believed to be residuum from leached lime-
stone layers are not uncommon in the
weathered chert deposits, and it is conse-
quently concluded that the disturbances and
shattering so characteristic of the weathered
chert were produced by the unequal settling
and collapse that resulted from the removal
of underlying limestone by solution. If
this conclusion is correct, it is evident that
the major chertification of the Devonian
formations and their weathering were ac-
complished by totally unrelated processes
that were active at different times.
Relation to Tertiary peneplain.—Leach-
ing and other types of weathering are of
course taking place today, but the depth
to which these processes have affected the
Devonian formations in southern Illinois
indicates that they have been in operation
for a very long period of time. Unleached
limestone and unweathered chert are, with
few exceptions, present in the Devonian
outcrops only north of the latitude of Jones-
boro. The two principal limestone forma-
tions, the Grand Tower and Backbone,
appear to thin southward and may have
been completely removed, south of Jones-
boro, by erosion in pre-Clear Creek and
pre-Lingle time respectively. The Grassy
Knob, Clear Creek, Lingle, and Alto for-
mations, however, are well represented both
to the north and to the south, and it is ob-
vious therefore that either important lateral
variation rendered all of them progressively
more subject to weathering to the south or
that for some other reason leaching and
weathering has progressed to lower eleva-
tions in this direction. The presence of
fossiliferous chert, apparently derived from
the Backbone formation, at a few places
south of Jonesboro, and the greatly contort-
ed character of the Lingle-Alto outcrops
in this same area, suggesting collapse from
the solution of a thick underlying limestone,
indicate that the Backbone and Grand
Tower limestones probably both extended
south far beyond their present outcrops.
Altogether, it is highly improbable that
all of the post-Bailey Devonian formations
changed in character southward so that
they were all more easily and deeply
weathered in that direction.
The hills and ridges in the Devonian
area of Alexander and Union counties rise
in elevation northward, and their topog-
raphy suggests that all but a few of the
higher points are parts of a warped and now
deeply dissected peneplain. Near Fayville
the highest hills rise to nearly 600 feet and
are underlain by Cretaceous deposits. Near
Delta, ten miles to the northeast, this sur-
face is represented by flat-topped hills at
about 700 feet. It continues to rise to the
north, and 21 miles farther, along the
Union-Jackson county-line, it stands at an
elevation of 850 or more feet. Beneath
these elevations, small remnants of the
Cretaceous deposits are still preserved at
various places, and spread out upon this
surface are late Tertiary gravels. This
surface appears to be a peneplain developed
before the end of Tertiary time on both
the hard rocks of the Devonian system and
the soft mainly unconsolidated late Creta-
ceous deposits.
It is possible that the depth of leaching
and weathering of the Devonian formations
was related to this peneplain, and differ-
ences in elevation between it and unweath-
ered outcrops suggest that these processes
were effective to a depth of about 400 feet.
North of Jonesboro where the peneplain
rises more than 400 feet above the valleys
of the main creeks, unweathered outcrops
are abundant. Southward however the sur-
face stands at less than 400 feet above the
102 DEVONIAN STRATIGRAPHY
valleys, and unweathered rock, except at a
very few places, is below drainage.
Recapitulation.—Evidence concerning the
original nature and subsequent alteration
of the Devonian formations exposed in
southern Illinois is not entirely conclusive,
but as interpreted in the light of present
knowledge the following sequence of events
is suggested:
Devonian period—marine submergence.
1. Deposition of Devonian strata.
Mississippian to Permian periods—alter-
nate emergence and submergence.
Triassic to mid-Cretaceous periods
—
stable land conditions.
2. Differential solution along bedding-
planes in all but the most impure
Devonian limestones ; development
of stylolites.
Late Cretaceous and Eocene periods
—
marine submergence.
3. Selective silicification and replace-
ment of the moderately siliceous
Devonian limestones; production of
novaculitic chert.
Miocene and Pliocene periods—emer-
gence and peneplanation.
4. Weathering and leaching of De-
vonian rocks to a depth of about
400 feet.
Pleistocene and Recent periods—uplift
and dissection of southern Illinois.
THE DEVONIAN OF SOUTHEASTERN MISSOURI
Carey Croneis
Walker Museum^ University of Chicago
Introduction
The Devonian system of southeast-
ern Missouri (fig. 1.9) has a limited
areal extent in Ste. Genevieve, Perry,
Cape Girardeau, and Scott counties and is
represented by 600 to more than 1000 feet
of strata of Helderberg, Oriskany, Onon-
daga, and Hamilton age (figs. 20 and 21).
Nowhere are these beds exposed in con-
tinuous section.
The outcrops of Ste. Genevieve County,
all of which are limited to and intimately
involved in the Little Saline fault complex,
are best exposed along the southeast bank
of Little Saline Creek in sec. 5, T. 36 N.,
R. 9 E., and in natural exposures and
quarries on the west flank of nearby Quarry
Hill which rises east of the same stream.
To the southeast in Perry County, along
the same general belt of complex structural
deformation, the Devonian strata are in
general even less satisfactorily exposed, but
extensive field work in the district between
Union and Ridge schools would probably
determine most of the details of the sec-
tion. In this region the best exposures are
in sees. 28, 29, and 33, T. 35 N., R. 13 E,
and in sec. 3, T. 34 N., R. 13 E.
In addition to these regularly bedded
deposits of Devonian age there are, both
in Ste. Genevieve and St. Francois coun-
ties, Middle Devonian boulders apparently
in diatreme breccias (Tarr and Keller,
1933, Rust, 1937) formerly regarded as
sedimentary (S. Weller and S. St. Clair,
1928) ; and there is a Middle Devonian
sandstone outlier near Rolla, Missouri, not
far from the crest of the Ozark uplift
(Bridge and Charles, 1922).
Numerous problems regarding the De-
vonian of southeastern Missouri are not
at present subject to definitive solutions, but
there are now in progress sedimentological
and paleontological investigations which will
throw more definite light on some of these
questions and therefore this paper must be
regarded as preliminary.
The Devonian strata of southeastern
Missouri are described in S. Weller's
(1928) Ste. Genevieve County report,
Devonian Formations of
Southeastern Missouri and Southwestern Illinois
Depicting one view of their probable relationships to one
another and to the Devonian Strata of New York
New York Ste. GenevieveCounty, Missouri
Perry County,
Missouri
Southeastern
Illinois
Genesee
Hamilton
Marcellus
Missing? or Upper St.
Laurent?
St. Laurent
Beauvais
Grand Tower
Missing? or Upper St.
Laurent?
St. Laurent
Lower St. Laurent? or
"Wittenberg shales" .
Grand Tower
Alto?
Lingle
Misenheimer
Grand Tower
Onondaga Dutch Creek?
Clear Creek
Dutch Creek
Little Saline
Clear Creek
Oriskany
Helderberg
Poorly represented or
missing
Bailey
Backbone
Bailey
Grassy Knob?
Bailey
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Fig. 19.—Areal map of southeastern Missouri.
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printed posthumously without benefit of
author revision, and in Flint's (1925) un-
published thesis on parts of Perry and Cape
Girardeau counties. For the use of the
latter I wish to convey my thanks. I also
wish to express my sincere appreciation of
the consistent help I have received for more
than a decade from H. A. Buehler and A.
H. McQueen of the Missouri Bureau of
Geology and Mines. Others should share
credit for whatever may be of value in
this paper, but their names, comprising the
roster of many a field class, cannot be re-
peated here, much as I have profited from
their inadvertent instruction.
Stratigraphy
bailey formation
Nomenclature.—The name "Bailey" was
given by Ulrich (1904) to strata considered
to be identical with, or equivalent to, the
rocks comprising Meek and Worthen's
(1866) "Lower Helderberg group" ex-
posed in the bluffs of Mississippi River at
and above Red Rock Landing, Missouri.
The name was derived from the settlement
of Bailey's Landing, which was apparently
at or near the site of the present hamlet
of Grand Eddy. The boat landing was
long ago abandoned because of changes in
the river channel, and probably the north-
ernmost outcrops mentioned by Meek and
Worthen have long since been buried under
alluvium. Bailey strata have been recog-
nized, subsequent to Ulrich's work, in sev-
eral of the Mississippi River counties of
both Missouri and Illinois, and Ulrich's
designation of these rocks has been em-
ployed by Savage (1920), Bassett (1925),
Weller and St. Clair (1928), Flint (1925),
and a number of others.
Areal distribution.—Inasmuch as no De-
vonian rocks are exposed at Grand Eddy,
we may regard the type area of the Bailey
limestone as the outcrops of the formation
in the river bluffs at and north of Red
Rock Landing. Here the Bailey beds crop
out (fig. 22a) in a fault block tilted toward
the river. From this area the strata are
exposed southeastward along the fault zone
in a narrow discontinuous band, almost to
Brazeau Creek in the NW. ]4 sec - H>
T. 34 N., R. 13 E. In this area the Bailey
is faulted out, but the formation crops out
again one mile west of Wittenberg in an
essentially unfaulted belt which gradually
widens toward the south to an extreme
width of about eight miles in the area be-
tween Apple and Indian Creeks, Cape
Girardeau County.
Still farther south in Scott County small
exposures of Bailey strata are preserved
just north of Commerce in the fault com-
plex which is well displayed in the river
bluffs on the west side of the so-called
Commerce-Thebes gorge of the Mississippi.
Thickness.—The greatest thickness of
the Bailey formation probably occurs in
Perry County, either in the region between
Wittenberg and Neelys Landing, or in the
neotype area near Red Rock Landing. If
the partially covered exposure at Red Rock
is actually a continuous section, as it may
well be, the beds have a thickness of more
than 300 feet, and possibly are nearly 400
feet thick. Both north and south of Red
Rock the formation is apparently thinner,
but even in its westernmost exposure in Ste.
Genevieve County it is at least 200 feet
thick.
Lithologic features in Perry County.—
Continuous exposures of the entire Bailey
formation are not available, but in Perry
County three more or less characteristic
divisions showing gradational contacts can
be recognized, as follows:
Thick-
ness
Division Description Ft.
Upper Very thin-bedded limestones and in-
Bailey terbedded cherts 100
Middle Medium- to thick-bedded blue and
Bailey buff limestones, with large flint
concretions 75
Lower Thin- to medium-bedded gray and
Bailey buff limestones, with interbedded
bedded shales and cherts 125
The lower Bailey consists of nonfossil-
iferous dense gray, buff, and light brown
limestones, with numerous rounded nodules
of light gray chert, commonly pink or red
in the outcrop (fig. 22b). The strata
range from several inches to more than a
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foot in thickness and are interstratified
with blue, green, or pink shale and with
massive ledge-forming chert layers. The
lower Bailey weathers to a soft yellow
argillaceous residuum with chert fragments
in which the original nodule outlines are
partially preserved. In the upper part, the
shales are rare or absent, and the bedded
cherts decrease in number.
The middle Bailey is a much thicker-
bedded argillaceous limestone whose base
cannot be precisely delimited, although it
can be located generally by the diminution
upward of shales and bedded cherts in the
upper part of the lower Bailey. The middle
Bailey is commonly massive-bedded with
individual layers as much as four feet thick.
The generally pale blue rocks are marked
with conspicuous buff streaks in irregular,
discontinuous blotches which may have been
produced through irregular kaolinization.
The more argillaceous beds are fossilifer-
ous, but pure shales are rare or absent.
Chert is also rare, but some thin-bedded
flints are found, and the flint nodules com-
monly show a gradational relationship
with the enclosing strata. The concretion-
ary nature of the nodules is indicated by
the configuration of the laminae in the sur-
rounding limestone. The middle Bailey is
perhaps best exposed in the river bluffs
between Gerler and Neelys Landing.
The upper Bailey comprises very thin
evenly bedded buff limestones with beds
of chert and an inconspicuous amount of
shale. These strata form Tower Rock (fig.
24) and the adjacent bluffs. The upper
Bailey commonly weathers to a residual
blanket of dirty white chert.
The following sections, essentially as
given by Flint (1925), are representative
of (1), the upper Bailey, and (2), the
middle and lower Bailey sediments. The
sections, which are more than ten miles
apart, probably overlap.
1
.
Section of upper Bailey limestone in knob-
forming part of bluff in partial sec. 20, T.
34 N., R. 14 E.
Ft.
(5) Chert residuum, actual outcrops con-
cealed (to top of knob) 90
(4) Limestones, gray-buff, dense, thin-
bedded, alternating with fissile brown
calcareous shales 32
(3) Limestones, blue-gray, dense, in mas-
sive beds with many gray chert
nodules 5
(2) Chert, bluish, in single continuous bed Y2
(1) Limestone, gray-buff, hard, dense,
platy, irregularly bedded, with chert
nodules (base at R. R. track) S l/2
Total 133
2. Continuous section in middle and lower
Bailey limestone near Red Rock in the
SE. YA sec. 11, T. 35 N., R. 12 E. Strata
dip 45° NE.
Middle Bailey
(6) Limestone, gray-blue, massive, with
interbedded chert; covered at top. . . .
(5) Limestone, gray-blue, platy, chert-
free
Ft.
27
48
Lower Bailey
(4) Limestone, gray to buff, pinkish on
weathered surfaces, some thin chert
beds . 15
(3) Limestone, greenish-gray, tough, with
irregular fracture, small chert nodules
and thin shale partings 36
(2) Limestone, pale slate-gray, weathers
buff, with thin shale partings SJ4
(1) Covered interval, but probably
underlain chiefly by limestone and
cherts 60
Total 191^
Bainbridge limestone at base of Devonian sec-
tion.
Fig. 22a.—Middle Bailey strata in Little Saline-Red Rock fault zone, dipping approximately 45° to the
northeast along St. Louis and San Francisco Railroad tracks just north of Red Rock Landing.
b.—Highly fractured and steeply dipping Bailey beds, probably belonging to the lower division of the
formation, as exposed in the Little Saline-Red Rock fault zone just north of the town spring house at
Lithium Springs.
c.—Upper Little Saline—lower Grand Tower beds as exposed in the east face of the north quarry of the
Ozora Marble Company. Cherty bed No. 8 of the Grand Tower grades downward insensibly into
non-chcrty bed No. 7 of the Little Saline above the quarrying machinery.
d.—Fossiliferous Little Saline limestone bed No. 4 as exposed along Ozora Marble Company's road at
base of "Quarry Hill." Ordinarily massive, the rock is here shattered as a result of blasting.
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The most characteristic feature of these
sections is the great quantity of chert and
flint which at places constitute probably
at least one fourth of the bulk of the
entire Bailey formation. Irregular masses
of hematite and limonite occur locally, and
a number of iron prospect pits have been
opened in the formation.
Lithologic features in Ste. Genevieve
County.—The lithologic succession of the
Bailey is perhaps even less perfectly shown
in Ste. Genevieve County, but the general
sequence is determinable, despite the fact
that accurate stratigraphic thicknesses can-
not be measured. The lower portion of
the formation (bed No. 1 of the General-
ized Devonian Section, fig. 20) is a fine-
grained yellowish-gray thinly bedded dolo-
mite in which a minor amount of chert is
present as small concretionary masses.
Higher in the section the rocks are shaly
and generally poorly exposed. In the talus
from this shaly horizon are irregular masses
of a light soft yellow residuum, possibly
resulting from the weathering of impure
chert, in which Leptaena rhomboidalis and
Dalmanites pygidia are common. At or
somewhat above this horizon Camerocrinus,
the bulbous stem base of the crinoid Scy-
phocrinus, is common in the talus.
The lower Bailey of Ste. Genevieve
County has a thickness of at least 100 feet,
and this phase of the formation, as exposed
along the southeast side of Little Saline
Creek in the SW. i/4 NW. l/4 sec. 8, T.
36 R, R. 9 E., may be 150 feet thick.
The middle Bailey (bed No. 2, fig. 20),
comprises massive layers of dirty bluish-
gray or white crystalline fossiliferous, com-
monly crinoidal, limestone whose thickness
is less than 10 feet and may be as little as
3 feet. It is apparently a continuous layer
which merges upward gradually into the
more typical limestone and chert beds of
the upper Bailey.
The upper Bailey formation, (bed No.
3, fig. 20), is made up of limestones with
conspicuous chert beds which are commonly
covered by chert talus. There is, however,
a fairly good exposure of these beds in the
southeast bank of Little Saline Creek, half
a mile west of Boarman School. The
weathered chert is light gray to nearly
white or slightly pinkish. Some of the chert
is hard and dense and breaks into angular
fragments up to a foot in maximum dimen-
sions. Some of it, however, is porous.
Much of the chert contains few or no
fossils, but some of the lower porous beds
are abundantly fossiliferous, and the sur-
faces of slabs from these horizons are
studded with silicified shells, chiefly brachi-
opods.
Stratigraphic relations.—So far as the
writer is aware no undoubted contacts of
the Bailey limestone with the subjacent or
superjacent formations have ever been
clearly observed, although the contact with
the Bainbridge formation can be located
fairly closely on the south slope of the hill
which rises in the eastern portion of the
village of Lithium Springs. The youngest
portion of the underlying Bainbridge for-
mation, however, apparently is considerably
older than the youngest American Silurian
beds, and the oldest Bailey is presumably
younger than the oldest Devonian known.
Thus there was a considerable time lapse
between the deposition of the two forma-
tions, during which southeastern Missouri
must have been emergent, or at least in
such a position that no sediments could ac-
cumulate.
The Bailey limestone is also presumably,
but not certainly, markedly disconformable
with the overlying Little Saline formation
in Ste. Genevieve County.
The Bailey contact with the Clear Creek
chert, although not seen, also should be
considered disconformable because varia-
tions in the thickness of the Bailey suggest
post-Bailey pre-Clear Creek erosion. More
important, some strata, such as the Grassy
Knob and Little Saline beds, which pre-
sumably once overlay the Bailey, are now
nearly or quite wanting on the Missouri
side of Mississippi River south of Ste.
Genevieve County.
Paleontology and correlation.—The fauna
of the Bailey limestone of Ste. Genevieve ,
County has been studied by Tansey (1924),
who has correlated it with the New Scot-
land beds of the New York Helderbergian
section. Dunbar (1919) had previously
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demonstrated the strong faunal similarities
of the Bailey with the Olive Hill, Bird-
song, and Decaturville assemblages of west-
ern Tennessee. Both writers have also
pointed out that there apparently is little
evidence to indicate that any part of the
Bailey is actually basal Helderbergian.
The Bailey is sparingly fossiliferous at
most outcrops, fossils being found chiefly
in the lower half of the upper Bailey se-
quence or in the crystalline middle Bailey
of the Little Saline area. The lower Bailey
contains the fossils mentioned, but the dis-
tinctive Scyphocrinus fauna which is very
common in Ste. Genevieve County has not
yet been found farther south. Faunal lists
for the Bailey have been published by sev-
eral authors and are not repeated here. It
is fair to state, however, that the faunas
are still imperfectly known.
LITTLE SALINE FORMATION
Nomenclature.—The Little Saline for-
mation was named by S. Weller (1928)
from exposures of the limestone at the quar-
ries of the Ozora Marble Company in
Quarry Hill, on the east bank of Little Sa-
line Creek, about ll/? miles west of Brown's
Ford south of Ozora. Without much
doubt this is the same limestone as that
cropping out at the south end of Backbone
Ridge north of Grand Tower, Illinois.
These Illinois Oriskany strata were desig-
nated the Backbone formation by Savage
(1920), who originally regarded them as
late Helderbergian in age. Although under
one interpretation the term Backbone may
have priority over Little Saline, Savage
(1920, 1925) himself rather consistently
used the latter designation, probably be-
cause he was aware of S. Weller's field us-
age of the name for more than a decade be-
fore he described the formation in print. 1
As early as 1920, in his correlation chart
for the Devonian of southwestern Illinois
and southeastern Missouri, Savage employs
Weller's term, "Little Saline River lime-
stone," for the Oriskany of Missouri, while
1 C. L. Dake, (Mo. Bur. Geol. and Mines, vol. IS
[1918] 2nd ser., pp. 88, 174), first introduced the name
Little Saline in a table of Missouri formations, but did not
describe the strata, and he borrowed the term from S. Wel-
ler's manuscript.
at the same time using the name "Back-
bone" for the upper Helderbergian, so-
called, of Illinois. At this time, of course,
he was unaware of the equivalence of the
Illinois and Missouri limestones.
Areal distribution.—The areal extent of
the Little Saline limestone in Ste. Genevieve
County is limited, most of the outcrops be-
ing confined to sees. 4, 5, 6, 8, and 9, T. 36
N., R. 9 E. The formation crops out in the
large synclinally folded block of the Little
Saline fault complex just inside the rim of
Bailey chert hills and especially on the
southern slopes of Peach Tree Ridge and on
the western slope of Quarry Hill. A few
other small outcrops of the formation are
located about ll/? miles farther east, in the
hills southeast of Brown's Ford.
Thickness.—A complete section of the
Little Saline limestone is reasonably well
exposed at the type area of the formation
at the base of Quarry Hill. At this locality
the strata dip some 12° to 15° to the south-
east, and there is an almost complete section
along the Little Saline Creek with a total
thickness of approximately 100 feet. There
is also a good exposure (fig. 22c) of the
upper Little Saline section extending across
the Grand Tower boundary in the northern
quarry of the Ozora Marble Company.
Both west and east of Quarry Hill the
thickness of the Little Saline decreases. In
the exposures a mile upstream from the type
area, less than 50 feet of Little Saline can
be identified, and in the easternmost out-
crop, \Yz miles east of Quarry Hill, less
than 25 feet of the formation crops out.
The apparent diminutions in thickness,
however, quite possibly are due at least in
part to fault relationships. On the other
hand, both of these outcrops show only the
lower beds of the formation, and it is possi-
ble that the upper strata were removed by
pre-Grand Tower erosion, despite the com-
pleteness of the Little Saline section in
nearby Quarry Hill.
Lithologic features.—The Little Saline
comprises pure thickly bedded generally
coarsely crystalline limestones, white to
slightly pink in color and richly fossil-
iferous, especially in the lower beds. Bed
No. 6, second from the top of the Little
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Saline section, is crinoidal, and crinoid stems
in great numbers appear on its weathered
surfaces. In the upper Little Saline section
two layers of dense hard close-textured
nearly white bryozoan-rich limestones occur
in which Lichenalia is the chief genus. The
lower stratum, bed No. 5, is 10 feet thick
and rests on the coarsely crystalline highly
fossiferous basal strata, bed No. 4 (fig.
22d) ; whereas the upper bryozoan layer,
bed No. 7, which is slightly thinner than
the lower, occurs at the extreme summit
of the Little Saline. The coarsely crystal-
line limestones of bed No. 6, which are
similar to those of the lower half of the
formation, although less rich in fossils, occur
between the two Lichenalia beds. Some Lit-
tle Saline beds contain partially silicified
fossils, but on the whole the formation in
Missouri is silica-free, and some of the beds
are good commercial marble. Little Saline
equivalents at some places in southeastern
Illinois, however, carry considerable chert.
Stratigraphic relations.—Inasmuch as the
youngest Bailey fauna in the Little Saline
fault area is not as young as the youngest
Helderbergian assemblages of New York
and Maryland, and the Little Saline fauna
is not the oldest Oriskanian fauna known,
it is almost certain that the Little Saline
rests disconformably upon the Bailey. This
interpretation, which cannot be checked by
any known exposure of the contact, is
strengthened by the strong possibility that
the youngest Helderberg beds at or near
Red Rock are not present in Ste. Genevieve
County. If ever deposited in the Quarry
Hill district, therefore, they were eroded
before the Little Saline sedimentation.
The one possible contact with the Little
Saline upon the Bailey is a very small expo-
sure near the base of the Quarry Hill bluff
just north of the Ozora Quarry compressor
plant. At this point there is an abrupt
change from Bailey chert below to the Lit-
tle Saline limestone above, but although
this contact may represent a disconformity,
it seems more likely that fault relationships
are involved at this exposure.
The contact of the Little Saline with the
Grand Tower, which is well exposed in
the north quarry of the Ozora Marble
Company, appears to be nearly, if not quite,
conformable, and the exact base of the
Grand Tower is difficult to determine.
Paleontology and correlation.—The
abundance of Spirifer murchisoni, Spirifer
arenosuSj and Rensselaeria ovoides demon-
strates that the fauna of the Little Saline is
closely related to that of the Oriskany
sandstone of New York, despite the fact
that such a characteristic Oriskanian form
as Hipparionyx proximus is missing, and
Pentagonia-like Meristellids of Onondagan
type are present. S. Weller (1928) has
pointed out that the fauna resembles that
of the Grande Greve limestone of Gaspe,
Quebec, perhaps even more closely than
that of the New York Oriskany, but in any
case, the formation is pretty definitely late
Oriskanian in age. A rather similar Oris-
kany fauna was reported by Dunbar (1919)
from the Quail formation and Harriman
novaculite of western Tennessee, and the
fauna of the Backbone (or Little Saline)
beds of Union County, Illinois, is essential-
ly identical.
The lower 50 to 60 feet of the Little Sa-
line are in general richly fossiliferous. The
higher beds are less rich in fossils, but near
the top some species occur which are not
known from the older layers.
Fig. 23a.—Clear Creek chert as exposed in the west face of the "Silica Mines" in the NW. 34 sec. 32, T. 34 N.,
R. 14 E., Mississippi River bluffs in southeastern Perry County, Missouri. Notice the contortion of
the beds as a result of solution of limestone, especially at the upper part of the section at the right.
Some of the sandy residuum capping the bluff may represent the Dutch Creek sandstone horizon.
b.—Beauvais sandstone dipping northward in the south bank of Little Saline Creek, southwest of
"Quarry Hill," Little Saline area. The man in the foreground is sitting on the upper layers of bed
No. 15a. Bed No. 15b shows cross-bedding with foreset beds dipping southward at hammer point.
Typical "case-hardened" mass of sandstone is shown above cross-bedded zone.
c.—Bed No. 16b of the St. Laurent just above the Beauvais block shown in figure 23b. Note the con-
glomeratic layer along the line of the hammer head, and the lower zones of conglomeratic and brecci-
ated material. At this locality the rock is much more highly calcareous and more definitely blue
than is commonly the case.
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Grace Ann Stewart (1924) and S. Wel-
ler (1928) have studied and listed the Lit-
tle Saline species, and therefore the fauna
is not recorded here. Of the 102 species
which have been identified, however, 77 oc-
cur in the lower beds and 44 in the upper
strata. Twenty are found only in the high-
est beds, and 19 persist throughout the for-
mation.
In a sense the faunas of beds Nos. 5, 6,
and 7 can be considered as a unit, inasmuch
as the assemblages of beds 5 and 7 are mere-
ly two expressions of essentially the same
faunule. This late Little Saline fauna dis-
plays a mingling of Oriskany types with
species commonly represented in the eastern
Onondagan. The genus Eatonia, which
does not ordinarily extend higher than the
Oriskany, is present, but associated with it
are probable representatives of the genus
Fentagonia, which is generally missing be-
low the Onondagan. Centronella glans-
fagea is characteristic of both upper Oris-
kany and Onondaga, and S. Weller (1928)
considered that both the bryozoa and the
trilobites of the Little Saline were rather
strongly suggestive of Middle Devonian
forms. The Little Saline fauna, especially
in the upper layers of the formation, is thus
somewhat transitional between the typical
eastern Oriskany and the Onondaga faunas.
Probably more detailed paleontologic studies
will confirm the present suspicion that beds
Nos. 5, 6, and 7 may comprise a distinct
formation.
CLEAR CREEK CHERT
Nomenclature.—The term Clear Creek
chert was applied by Worthen (1866) to
limestones and cherts that crop out along
Clear Creek in Union County, Illinois.
The strata probably included Helderberg,
Oriskany, and lower Onondaga beds, as
well as some Silurian rocks. Subsequently
the term became restricted to the upper por-
tion of the sequence, which was considered
as early Devonian in age, whereupon the
lower part was referred to the lower Hel-
derberg (Bailey). Savage (1908) consid-
ered the Clear Creek chert as of Oriskany
age because, in Union County, Illinois, it
rests on the "New Scotland" (Bailey) beds.
Later Savage found that the chert in Union
County consists of two distinct formations,
a lower heavy-bedded chert of late Oriskany
age which he called the Grassy Knob forma-
tion, and an overlying thinner-bedded chert
of early Onondagan age, to which the term
Clear Creek chert was restricted.
Shumard (1873) as early as 1871 recog-
nized that the beds described by Worthen
also cropped out in Missouri, but no de-
tailed study of the strata was made. The
Clear Creek chert, as restricted by Savage,
was first used by Flint (1925) to describe
Missouri exposures. The Grassy Knob for-
mation has not been certainly recognized in
Missouri.
Areal distribution.—The outcrops of the
Clear Creek chert in southeastern Missouri
are apparently restricted to Perry County,
although it is not impossible that some equiv-
alent strata rest on the Bailey beds south of
Apple River in Cape Girardeau County.
The chert crops out in a small strip high
in the Bailey escarpment one mile southeast
of Red Rock, and it is exposed both west
and southeast of Ridge School. Another
outcrop occurs in a fault block half a mile
south of Wittenberg. The largest exposure
of the Clear Creek, however, is between
Wittenberg and the mouth of Apple Creek,
where a syncline carries the Bailey below
the surface. The best exposures in this area
occur at the "silica mines" in sec. 32, T.
34 N., R. 14 E (fig. 23a).
Thickness.—Calculations, rather than di-
rect measurements, suggest that the Clear
Creek chert is 300 feet thick in Missouri,
and it may be considerably thicker in Illi-
nois. The top of the formation in Missouri
can be determined approximately in some
areas by the position of residual sandstone
blocks probably marking the Dutch Creek
beds that separate the Clear Creek chert
from the overlying Grand Tower forma-
tion. There is little question but that some
older strata have been included with the
Clear Creek in Illinois and probably in
Missouri as well. Moreover, in places it
has doubtless been mistaken for Bailey and
Grassy Knob strata, and possibly for other
siliceous sediments.
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Lithologic features.—The Clear Creek
formation is a white to buff to chrome yel-
low thin-bedded chert with brown to reddish
ferruginous bands and some concretionary
limonitic masses. The strata range from one
inch to about one foot in thickness and in-
clude thin interbedded layers of deeply
weathered siliceous limestones and ferrugi-
nous clay. The chert disintegrates into
small angular fragments and commonly re-
veals a black coating. Deeply weathered
exposures show gray masses of fractured
chert and spongy silica. Disintegration com-
monly results in large dirty-white chert
blocks mantling hill slopes, but fine angular
fragments of pure white chert in a dense
matrix of iron oxides also occur.
Stratigraphic relations.—The Clear
Creek chert rests with disconformable rela-
tionships on the underlying Bailey. Prob-
ably the Grassy Knob formation and the
overlying Little Saline limestone also were
deposited disconformably on the Bailey for
they, or their equivalents, have been recog-
nized in Illinois exposures only a few miles
across the Mississippi toward the east. In-
asmuch as both formations are relatively
thick marine deposits, it is reasonable to sup-
pose that they at one time extended west-
1 ward over the southern Perry County area
under discussion. If they were deposited
there, they were eroded during a period of
differential uplift which must have followed
Oriskany sedimentation. Locally this erosion
; probably removed the upper portion of the
' Bailey, whereas in the hills southwest of the
I
"silica mines," remnants of the Grassy
I Knob formation may have been left upon
the Bailey. But such remnants cannot be
identified certainly because the Bailey-Clear
| Creek contact occurs on talus covered slopes,
!
and upper Bailey and typical Clear Creek
I
are similar in lithology. Moreover, fossils
I
are rare or absent in the upper Bailey beds
I
and the basal Clear Creek strata. Thus
|
locally the Helderbergian rocks cannot be
! separated from Onondagan strata on faunal
evidence.
The Grassy Knob formation of Illinois is
a thick-bedded heavy chert of a type not
certainly observed on the Missouri side of
j
the Mississippi. It is also interesting and
probably significant that the Little Saline
or Backbone type of limestone has not been
definitely identified in southeastern Missouri
south and east of the Little Saline fault
complex of Ste. Genevieve County, despite
the fact that it is represented in Illinois just
across the Mississippi in the Backbone
Ridge.
The strata superjacent to the Clear
Creek at most places in Missouri, except
near Union School, have been largely re-
moved either by erosion or through faulting.
Thus the contact with the Dutch Creek or
Grand Tower beds cannot be studied satis-
factorily. In the NW. J4 sec. 27, T. 11 S.,
R. 2 W., Union County, Illinois, however,
the Dutch Creek rests with what appears to
me to be essentially conformable relations
on the Clear Creek limestone. J. M.
Weller, on the other hand, considers the
contact to be disconformable, but one not
representing a notable time lapse.
Paleontology and correlation.—The Clear
Creek chert is stated by Flint (1925) to
contain a mixed Oriskany and Onondaga
fauna. Because of the disconformable rela-
tionships at its base and its essentially con-
formable relations above with strata of
Onondaga age, the Clear Creek chert has
been considered to be of early Onondagan
age.
Fossils occur only sporadically, the lower
beds being almost nonfossiliferous. The
higher strata, however, contain some organic
remains, largely in the form of molds well
enough preserved to yield good casts. The
Clear Creek fauna has not been extensively
collected nor studied, but Flint (1925)
compared specimens collected from the Mis-
souri exposures with Savage's Illinois collec-
tion and found them essentially identical.
The brachiopod Eodevonaria melonicus is
considered the most typical Clear Creek
fossil, but both Oriskany and Onondaga
forms are represented in Flint's (1925) list
of 24 species of fossils collected from the
Missouri exposures of the Clear Creek.
GRAND TOWER FORMATION
Nomenclature.—Keyes (1894) proposed
the name Grand Tower for the limestones
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Fig. 24.—Photo-diagram showing some of the salient topographic, stratigraphic, and structural features of,
the Devonian area from Tower Rock, Missouri, to Grand Tower, Illinois.
in southeastern Missouri, "below those beds
containing the fossils of the western Hamil-
ton," pointing out that the rocks had been
considered as belonging to the Onondaga
and Oriskany divisions of the New York
Devonian by Meek and Worthen and oth-
ers. The name, although first applied to
Missouri strata, was based on Illinois ex-
posures near Grand Tower, and presum-
ably those outcrops in the isolated Bake
Oven hill north of the town.
The Grand Tower, Illinois, exposures
have been studied by S. Weller (1897) and
by Savage (1910, 1920). Both writers have
pointed out that the limestone is not related
faunally to the "western Hamilton," but
that its higher divisions contain species show-
ing relationships with the "eastern Hamil-
ton." Furthermore, the major portion of,
the Grand Tower limestone carries an,
Onondagan fauna. Ulrich (1904) had em-
ployed the term Grand Tower as a designa-
tion for the Missouri strata roughly equiva-
lent to both the eastern Hamilton and
;
Onondaga limestones, but Savage redefined
the formation to include "only that portion
of the Devonian strata in southwestern Illi-
nois, and adjacent parts of Missouri, which
is the western represenative of the Onon-
daga limestone of New York." S. Weller
(1928) followed Savage's lead in discussing
the stratigraphy of Ste. Genevieve Count),
although he well realized that the "Grand
Tower" strata in the Little Saline fault area
have a faunal expression different from
those at Grand Tower, Illinois.
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Areal distribution.—The distribution of
the Grand Tower limestone in southeastern
Missouri is very much restricted. It crops
out in the large synclinal block of the Little
Saline faulted zone southeast of Ozora, and
in the smaller Quarry Hill structure imme-
diately to the northeast. It also occurs in
small patches in the hills south of Little
Saline Creek east of Brown's Ford on the
St. Marys road south of Ozora.
In Perry County the distribution of the
Grand Tower is limitied to two exposures.
One is a narrow strip less than two miles
long in the fault zone between the Bailey
and Burlington escarpments near Union
School. The other, located half a mile
south of Ridge School, is a small but prom-
inent outcrop bounded on the south by
faults. Elsewhere the Grand Tower lime-
stone has been extensively involved in the
faulting and fails to crop out.
Thickness.—In Ste. Genevieve County
the thickness of the Grand Tower lime-
stone in the Quarry Hill section has been
demonstrated by S. Weller (1928) to be
slightly more than 250 feet. The section
imperfectly exposed along the southeast
bank of the Little Saline three-fourths of a
mile upstream from Quarry Hill apparent-
ly is somewhat less thick, but the average
thickness for the Little Saline fault zone
may be considered as 225 feet. East of
Brown's Ford, however, the thickness ap-
parently is less, and at least the lower half
of the formation is not exposed. Some of
this diminution of thickness probably is the
result of fault relationships, but talus pre-
vents a determination of the actual situation.
Although the maximum thickness in Ste.
Genevieve County is 100 feet greater than
at Grand Tower, Illinois, where Savage
(1910) measured 155 feet, the thickness
in the geographically intermediate Perry
County exposures is apparently not more
than 100 feet, and it may be less.
Lithologic features.—The lithologic fea-
tures of the Grand Tower are variable, but
the formation properly can be designated a
limestone. In Ste. Genevieve County the
most complete section is exposed on the
west slope of Quarry Hill in the SE. corner
of sec. 4, T. 36 N., R. 9 E. The succession
of beds at this locality is included in the
general stratigraphic section for Ste. Gene-
vieve County accompanying this paper.
At the type locality in Illinois, the lower
Grand Tower is more or less arenaceous
and includes some sandstone beds. In Ste.
Genevieve County no similar basal arena-
ceous beds are known, the passage from the
Little Saline strata being gradational, and
the first appearance of cherty limestone, bed
No. 8, fig. 20, is arbitrarily assumed to
mark the base of the formation. The upper
strata of the Grand Tower in Ste. Gene-
vieve County, however, are arenaceous, al-
though true sandstone beds do not occur.
The sand present occurs in the form of
"floating" grains, and it varies in amount
from almost none to well over 10 per cent
of the entire mass of the limestone.
The Schizophoria layer, bed No. 12, fig.
20, is the most commonly exposed member
of the formation. In the hills south of Lit-
tle Saline Creek, east of Brown's Ford,
this bed crops out beneath coralliferous
strata which are largely talus-covered on
Quarry Hill. In these exposures the lower
Grand Tower beds, as well as the upper
Little Saline limestones, fail to crop out.
Thus the Schizophoria beds are exposed not
far above the lower fossiliferous strata, bed
No. 4, of the Little Saline formation. S.
Weller (1928) correctly considered that
the apparent lack in this area of some 200
feet of sediments, which are present in a
neighboring section, is due to fault rela-
tions, but the exact structural situation is
still poorly understood.
The main coral horizon, bed No. 10 (fig.
20) in the general section, occurs not only
in Quarry Hill but in the SW. ]/4 SE. ]/4
sec. 6, T. 36 N., R. 9 E., where it is a true
coral biostrome. 2 This Ste. Genevieve
County facies of the formation is missing
from the Bake Oven section at Grand
Tower, Illinois.
In Perry County, the restricted exposures
of the Grand Tower make a detailed an-
alysis of the lithologic changes throughout
the formation difficult or impossible. In
2 All of the so-called "reefs" of the Grand Tower of Ste.
Genevieve County are more properly designated as biostromes
inasmuch as true reef structures have not been certainly
identified.
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general, however, the strata consist of gray-
buff, gray, and purple-gray limestone, com-
monly finely crystalline, but locally varying
from granular (crinoidal) to dense. The
bedding is generally heavy and regular, but
the rock breaks with rough irregular frac-
ture. Some of the beds show sandy phases,
and others display disturbed laminations.
Chert, in minor amounts, occurs through-
out, chiefly in thin irregular stringers. Cor-
als are abundant in some beds, but many
strata are essentially nonfossiliferous
Stratigraphic relations.—It has already
been pointed out that in Ste. Genevieve
County there was apparently little or no
break in sedimentation between Little Sa-
line and Grand Tower times.
The Grand Tower stratigraphic relation-
ships to the superjacent Beauvais sandstone
are well displayed just beneath the bold
Beauvais ledges in the south bank of Little
Saline Creek about a quarter of a mile up-
stream from the main Ozora Marble Com-
pany's quarry (fig. 23b). The transition
from the limestone below to the sandstone
above is gradual, and although it probably
resulted from the emergence of a land area
not far distant, it does not seem likely that
Ste. Genevieve County itself became land.
The higher Grand Tower strata contain a
relatively large amount of "floating" sand
grains just below the basal Beauvais sand-
stones; but although the transitional zone
probably is not very thick, its base is difficult
to determine inasmuch as at least a few sand
grains can be found in most Grand Tower
limestone samples wherever taken in the
section.
In Perry County the stratigraphic con-
tacts of the Grand Tower are not well
exposed, so that their character must be hy-
pothesized from evidence available in adja-
cent areas. Savage as early as 1908 ex-
pressed the opinion, in which the writer
concurs, that at least in Union County,
Illinois, sedimentation continued uninter-
ruptedly from Clear Creek into Grand
Tower time, the transition being marked by
the deposition of the sort of sandy beds
which crop out near the base of the Bake
Oven section. It has already been suggested
that similar, if not contemporaneous, strata
probably are also represented by some sand-
stone remnants resting on the Clear Creek
chert of southeastern Missouri.
South and east of the Little Saline fault
complex, the Beauvais sandstone has not
been certainly identified, and actual evi-
dence concerning the contact of the Grand
Tower and the overlying St. Laurent or
Lingle formations is wanting. In the Devils
Backbone and the Bake Oven, opposite Wit-
tenberg, the Grand Tower beds grade up-
ward, without definitely recognizable dis-
conformity, into the Hamilton-Lingle strata.
In Union County, Illinois, however, the two
formations are separated by an erosional
break, according to Savage (1908). If the
stratigraphic situation in Missouri is similar
to that shown in the nearest contacts in Illi-
nois, however, any erosional break at the
top of the Grand Tower must be of little
consequence.
Paleontology and correlation.—S. Weller
(1928) has shown that the coral fauna in
the lower portion of the Grand Tower of
Ste. Genevieve County contains species
which are typical of the Middle Devonian
limestones of the Ohio Valley. The fossil
coral fauna of the Little Saline fault area
is far less extensive than that in the lower
Jeffersonville limestone of Indiana at the
Falls of the Ohio, but many species are
common to the two, and so they may be
considered essentially contemporaneous in
origin. Inasmuch as the same corals occur
in the Columbus limestone of Ohio, the
Grand Tower coral beds of Ste. Genevieve
County are also at least partially contem-
poraneous with the Columbus strata. The
abundant corals of the Grand Tower in the
Little Saline area, however, stand out in
marked contrast to the fauna of the Grand
Tower at the type area, in which the coral
element is almost negligible. S. Weller
(1928) accounted for the difference by
assuming that conditions conducive to the
development of coral "reefs" in Onondaga
seas were developed only locally.
The Schizophoria striatula zone, which
is essentially lacking in corals, contains
Gomphoceran cephalopods identical with or
closely related to those which Weller
(1897) and Savage (1910) have shown are
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limited to the upper portion of the Grand
Tower beds at the type locality. S. Weller
(1928) thought that this fact gave addi-
tional weight to the suggestion that the
coral "reef" development in the lower
Grand Tower of Ste. Genevieve County is
only a local faunal expression.
Schizophoria striatula, which in its zone
occurs more abundantly than all other
species together, is nowhere reported to be
so abundant in any of the eastern faunas of
similar age. Kindle (1901) recorded the
species from the Jeffersonville of Indiana
but Stauffer (1909) does not list it from
the Columbus limestone of Ohio, nor do
either Weller or Savage report it from the
Grand Tower type section. It is true that
S. propinqua Hall occurs in Onondagan
strata and is a relative of S. striatula, but
the Ste. Genevieve County representatives
of the genus are identical with or most
closely related to the more or less typical
younger Devonian species.
With the exception of the anomalous oc-
currance and abundance of Schizophoria
striatula, however, the entire faunal assem-
blage of the Grand Tower of the Little
;
Saline fault complex is rather similar to
;
the faunas of various strata of Onondaga
age cropping out much farther east. There-
fore, the Ste. Genevieve County Grand
1 Tower beds are to be regarded as definite,
if not entirely typical, Onondaga equiva-
;
lents.
A number of distinct faunal zones can
be recognized in the Grand Tower of Ste.
! Genevieve County, but they have not yet
been definitely determined to the south in
|
Perry County. Savage (1910), however,
|
has zoned the Bake Oven—Grand Tower
1 strata in considerable detail. In the Little
Saline fault area the lower chert beds are
i
nonfossiliferous and the lowest faunal
I
zones occur in the coralliferous strata of
beds Nos. 9 and 10. Near the base of bed
No. 9 the corals appear prominently upon
;
weathered surfaces but are difficult to col-
; lect. The corals are most abundant in bed
j
No. 10, which is a coral biostrome, with
|
few other identifiable fossils. Nevertheless,
j echinoderm fragments, probably chiefly
crinoid ossicles, occur in this zone as well as
being abundant at a number of other hori-
zons in the formation.
The essentially noncoralliferous Schizo-
phoria striatula zone is overlain by beds in
which A trypa reticularis is abundant. As-
sociated with it are some species not found
in the Schizophoria zone, or below it.
Among the new elements are corals dif-
ferent from those in beds Nos. 9 and 10.
These are locally fairly abundant, Favosites
turbinatus for instance, being rather com-
mon in the exposures north of Little Saline
Creek on the southward draining slopes of
the Thomure farms.
The fauna of the Grand Tower strata
of Missouri and Illinois has been studied in
some detail by several writers, and lists of
species have been prepared by Savage
(1910), Branson and Williams (1924),
and Flint (1925). In spite of this previous
work, the Grand Tower fauna of the Little
Saline fault area remains incompletely
known.
BEAUVAIS FORMATION
Nomenclature.—Resting on the Grand
Tower limestone of the Little Saline fault
area is a sandstone sedimentologically un-
like most of the other formation of the
Middle Devonian sequence in the central
states. S. Weller (1928) designated this
formation the Beauvais from its typical ex-
posures on Little Saline Creek in Beauvais
township, Ste. Genevieve County, Mis-
souri. 3
Areal distribution.—The Beauvais sand-
stone has been certainly identified only in
the Little Saline fault complex where it
crops out along the axis of the faulted syn-
cline of which Quarry Hill is a part. The
formation also crops out in fault blocks in
the hills south of Little Saline Creek, on
both sides of the Ozora-St. Marys road.
West of Brown's Ford the Beauvais occurs
on the east nose of Troublesome Hill and in
highly inclined beds in the pyramidal knob
adjacent to Brown's Ford on the southwest.
East of the Ford the Beauvais forms a prom-
3 C. L. Dake in 1918 (Mo. Bur. Geol. and Mines, vol.
15, 2nd ser., pp. 88, 174-175) listed the Beauvais in a
geological column and briefly described the sandstone in the
light of its commercial possibilities. The name was taken
from an unpublished manuscript of S. Weller.
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inent part of the north slope of the hill
south of the Little Saline for a quarter of a
mile downstream, and it crops out in several
other blocks a mile or more east of Brown's
Ford. The total areal extent of all the
Beauvais outcrops, however, is probably less
than 500 acres.
The Beauvais has not been certainly iden-
tified east of the Greither Hills, but it may
well be represented, although poorly, in the
St. Laurent Creek Devonian area, in the
general Lithium Springs district, and even
in some of the Perry County exposures.
Thickness.—The Beauvais sandstone is
best exposed in low bluffs (fig. 23b) on the
south side of Little Saline Creek about a
quarter of a mile upstream from the Ozora
Marble Quarry. In this outcrop the beds
dip from 10 to 20 degrees toward the north
and apparently occupy a stratigraphic in-
terval of approximately 50 feet between the
subjacent and well exposed Grand Tower
limestone and the rather poorly exposed
superjacent basal St. Laurent strata.
Lithologic features.—The Beauvais sand-
stone is so similar to the St. Peter formation
that it could only with difficuty be distin-
guished from that standstone, were its strati-
graphic position in reference to the enclos-
ing Devonian strata not determinable. The
Little Saline Creek Beauvais exposure, pre-
viously referred to, simulates the St. Peter
so perfectly that it was so identified by a
number of geologists familiar with the St.
Peter, until its stratigraphic position was
determined by S. Weller. Moreover, even
today it is difficult to convince some visitors
that the Beauvais sandstone is not St. Peter.
In the SW. 1/4 and the SE. \/A sec. 5, T.
36 N., R. 9 E., Beauvais sandstone again
mimics the St. Peter, but to the east the
sandstone is fine-grained, harder, and even
quartzitic, especially near fault lines. For
this reason the difficulties of separating the
Beauvais from St. Peter and older sand-
stones, especially along the line of the major
thrust fault, are compounded, and no doubt
some of these sediments have been consist-
ently misidentified.
The color of the Beauvais, like that of
the St. Peter, varies from nearly white to
yellowish-brown, but some of the finer
grained sands in the outcrops east of the
St. Marys road have a pinkish cast. Weath-
ered surfaces of the Beauvais are commonly
yellow-brown to dark brown, and the upper
portions of the formations may show cross-
bedding. In the large Little Saline Creek
block of Beauvais the cross-bedding shows
that locally at least the currents came from
the north.
Stratigraphic relations.— The "floating"
sand grains of the Grand Tower formation
are similar to those which comprise the
Beauvais sandstone, and it has been general-
ly considered that they both were derived
in medial Devonian time from exposures of
the St. Peter and Everton sandstones. The
change from limestone to sandstone at the
base of the Beauvais is gradational, so that
although the actual contact has not been
seen, the relationship of the Grand Tower
and the Beauvais is probably not a discon-
formable one. The stratigraphic relation-
ship at the top of the Beauvais is even less
subject to direct interpretation than the one
at its base, but nevertheless it is possible that
the sedimentation was essentially continuous
during the interval between Beauvais and
St. Laurent time. The unusual conglomer-
ates and breccias occuring near the base of
the St. Laurent section, however, suggest
local land movements.
Paleontology and correlation. — Accord-
ing to S. Weller (1928) Newberrya clay-
polei, which was originally described from
a sandstone of Hamilton age in Pennsyl-
vania, is fairly common in the Beauvais
sandstone, and suggests a correlation of the
Beauvais with some portion of the eastern
Hamilton. Branson and Williams (1924)
listed six additional species from the sand-
stone, and Croneis and Hoffman (1931)
identified 23 species, some doubtfully, from
a number of fossiliferous outcrops of the
formation. This fauna shows both Onon-
daga and Hamilton affinities, and so it has
been considered on the basis of both strati-
graphic and paleontologic evidence that the
formation occupies a position in the general
Devonian column similar to that of the
Marcellus shale of New York.
The Beauvais is also somewhat similar
lithologically and in stratigraphic position to
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the Auxvasse4 sandstone of Calloway Coun-
ty, Missouri, as described by Conselman
(1935). It is, therefore, not impossible that
these two sandstones were deposited contem-
poraneously, or nearly so, especially since
the sediments enclosing the Auxvasse, the
Mineola limestone below and Calloway
limestone above, are respectively at least
partial correlatives of the Grand Tower
and the St. Laurent limestones between
which the Beauvais occurs.
ST. LAURENT FORMATION
Nomenclature.—The St. Laurent forma-
tion was named by S. Weller (1928) from
the highly tilted outcrops along St. Laurent
Creek some three mlies south of St. Marys
in northern Perry County. 5
Areal distribution.—The St. Laurent of
Ste. Genevieve County crops out in several
small areas aggregating approximately 100
acres. A small, but important, exposure of
basal St. Laurent beds occurs immediately
above the Beauvais sandstone at the prom-
inent Little Saline Creek exposure of that
formation. The largest area, however, is in
the SW. 14 sec. 4, T. 36 N., R. 9 E,
where the formation makes up most of the
summit of Quarry Hill. Several other ex-
posures occur as slivers along intersecting
fault lines, especially along the major thrust
north of the Greither Hills about one mile
east of Brown's Ford on the St. Marys
road south of Ozora and probably in some
of the fault blocks of Troublesome Hill
just west of that Ford. In addition, the
formation may be represented in some of
the residuum on the hill southeast of the
complex structure known as the "Widow's
Nose," south of Riviere aux Vases.
The St. Laurent is also exposed in a
narrow band above the Grand Tower ex-
tending from about one mile northwest of
Union School, Perry County, southeast
along the base of the Burlington escarpment
to the vicinity of Ridge School, where it is
faulted out against the Clear Creek chert.
4 The name Auxvasse is so similar in spelling and pro-
nunciation to the designation of the well known and long
established Chester Aux Vases sandstone, whose type area is
also in Missouri, that a substitute term is needed.
5 C. L. Dake (1918) used the term St. Lorenz, but M. E.
Wilson (1922), following S. Weller's manuscript, changed
it to St. Laurent, the accepted spelling.
In addition, it is exposed in a small, elongate
block just south of Wittenberg, which
trends southeastward toward the Bake
Oven from Brazeau Creek to the Missis-
sippi.
In northern Perry County the St. Lau-
rent crops out not only along St. Laurent
Creek, but it is also poorly exposed in a
small fault block half a mile northwest of
Lithium and in two blocks in the Missis-
sippi River bluffs southeast of McBride and
south of Belgique.
Thickness.—In the accompanying gen-
eral section only 120 feet of Quarry Hill
strata above the Beauvais sandstone are re-
ferred to the St. Laurent. This thickness,
however, does not definitely include all of
the very poorly exposed sandy chert beds
at or near the summit.
On St. Laurent Creek, Perry County, a
partially continuous section of at least 275
feet of steeply dipping beds previously has
been regarded as being entirely St. Laurent.
Like the Little Saline Creek exposures, these
sediments comprise variable lithologic units
including limestones, arenaceous limestones,
conglomerates, breccias, sandstones, and
probably some concealed argillaceous strata.
Some of the sandy beds near the poorly ex-
posed base of the section probably belong
to the Beauvais rather than to the St. Lau-
rent formation, and the upper part of the
sequence is probably younger than any of
the Devonian beds cropping out on Quarry
Hill.
In all the other Perry County exposures
the thickness of the St. Laurent cannot be
determined accurately. One mile southeast
of Union School, however, the formation
probably is at least 200 feet thick, and ap-
parently it is somewhat thicker at all Perry
County exposures than in the Ste. Genevieve
County outcrops.
Lithologic features.—As stated elsewhere
the St. Laurent section in the Little Saline
Creek fault complex is included in the ac-
companying general stratigraphic column,
of which it comprises beds Nos. 16 to 19,
figure 20.
The St. Laurent is generally made up of
dense brittle gray or blue-gray limestones
in beds which are commonly thin, although
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Fig. 25a.—Lower Grand Tower limestone, bed No. 9. Quarry Hill, near Ozora, Missouri. Thin-section,
approximately X 15. Sedimentary components:
1. Quartz sand (white); mean diameter of grains 1/16
—
x/i mm; arithmetic average of mean diam-
eters, about 1/8 mm.
Sand grains possibly derived from the St. Peter sandstone. The sand occurs in irregular patches,
stringers, bands, and as isolated grains.
2. Crinoid debris, columnals, etc. (gray); mean diameter of grains }/%—2 mm; arithmetic average
of mean diameters, about 1 mm.
3. Calcite cement (dark gray to black).
b.—Basal St. Laurent limestone, bed No. 16a. Quarry Hill, near Ozora, Missour. Thin-section,
approximately X 16. Sedimentary components:
1. Quartz sand (white); mean diameter of grains 1/16 — 1 mm; arithmetic average of mean diam-
eters, about x/i mm. "Floating grains," possibly derived from St. Peter sandstone, more
probably from underlying Beauvais sandstone.
2. Lithographic limestone fragments (black); mean diameter of fragments 1/8
—
}/& mm. Probably
derived from upper strata of Grand Tower limestone, possibly from bed No. 12.
3. Calcite cement and fragments of finely crystalline limestone, possibly derived from Grand Tower
bed No. 14 (gray).
c. and d.—Conglomerate from lower St. Laurent limestone, bed No. 16b. Little Saline Creek, south-
west of Quarry Hill, near Ozora, Missouri, c, natural size; d, enlarged approximately X 3.
Sedimentary components:
1. Sandstone pebbles; probably derived chiefly from Beauvais sandstone.
2. Finely crystalline to lithographic limestone pebbles.
3. Chert pebbles; possibly derived from chert of Bailey limestone.
Mean diameter of all pebbles 3-30 mm. Arithmetic average of mean diameters, about 10 mm.
4. Quartz sand (matrix); mean diameter of grains 1/8— 1 mm. Arithmetic average of mean diam-
L"eters, /2 mm.
5. Calcite cement.
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a few heavy layers occur. Many of the
limestones, like those of the upper Grand
Tower, include "floating" sand grains, gen-
erally in minor amounts but locally in great
quantities (fig. 25b). Few of these lime-
stones in Ste. Genevieve County are very
fossiliferous but some of the Perry County
exposures are rich in organic remains. In
addition, the St. Laurent "chert" near the
summit of Quarry Hill is abundantly fossili-
ferous, though the fauna is not very diver-
sified.
Bed No. 16, the basal portion of the St.
Laurent, is best exposed where it rests upon
the Beauvais in the latter's type exposure on
the south bank of Little Saline Creek. At
this small outcrop (fig. 23c) limestone and
chert conglomerates and breccias containing
considerable sand are intercalated with
rather thin-bedded sandy limestones. Some
of the included pebbles are rounded but
many are angular, and although most of the
material is less than one inch in maximum
dimension, pebbles as much as 3 to 4 inches
in diameter can be found (figs. 25c and
25d). Although the entire thickness of
strata at this outcrop is probably less than
10 feet, and the sequence is imperfectly ex-
posed, it is obvious that conglomeratic
phases occur well above the base of the for-
mation.
The easternmost outcrop of the St. Lau-
rent in Ste. Genevieve County is in the
north hillside of the tributary valley which
joins the Little Saline from the east just
north of the Greither Hills. This valley
parallels the general course of the main
thrust fault, about one mile east of Brown's
Ford. In this region, as on Quarry Hill
summit, the formation is comprised chiefly
of fossiliferous, arenaceous chert blocks not
seen in situ. At the east end of the outcrop,
however, there are gray-brown argillaceous
to siliceous fossiliferous limestones which
are nearly if not quite in place.
The St. Laurent strata south of Red Rock
have been studied by Flint (1925) whose
generalized sections, based on several iso-
lated and incomplete sequences, are includ-
ed here with slight modification
:
Union School—Ridge School—Wittenberg
Composite Generalized Section of the St.
Laurent Formation
Ft.
D—Limestone, cherty, fossiliferous, up to ... . 30
C—Limestone, siliceous to sandy, yellowish
red, commonly weathered, up to 20
B—Limestone, dark gray, dense, with some
crystalline layers and a little chert; corallif-
erous 75
A—Limestone, buff to blue, shaly, and thin-
bedded, with some chert; fossils abundant
in shaly phases 75
Division A of the St. Laurent is made
of thin-bedded argillaceous buff to bluish
limestones with thin shale layers, thin gray
crystalline limestones, and some chert.
Many of the limestones contain chert in
small irregular knots and masses. The
fossils, which are abundant in the argil-
laceous limestones, are chiefly several spe-
cies of small Chonetes and a small pelecy-
pod which may be Modiomorpha missouri-
ensis. Part of the division A of the St.
Laurent may well be the "Wittenberg ter-
rane" or shale of Keyes (1915) who mere-
ly listed the sequence as 30 feet of shales
disconformably underlying the Calloway
[sic] limestone and disconformably over-
lying the Grand Tower limestone. No
type area was mentioned.
Division A grades upward through light
gray cherty limestones into division B
which is largely composed of dense dark
gray limestone with some strata crystalline,
others siliceous, and most beds irregularly
stratified. Several species of cup corals oc-
cur abundantly in the dense limestones and
weather out prominently on exposed sur-
faces. Chert occurs only in relatively minor
amounts but all the limestones are rather
resistant and break with subconchoidal frac-
ture.
Division C is chiefly a deeply weathered
red residuum of arenaceous and siliceous
limestone, locally fossiliferous. The division
varies greatly in thickness, but it is well
exposed one mile northwest of Ridge School
and half a mile southwest of Wittenberg.
Division D comprises thin-bedded hard
purple-gray limestones rich in cup corals,
interbedded with thin chert layers so that
the strata roughly simulate those of division
B below. Divisions C and D are both
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sporadic in occurrence and variable in thick-
ness. With more detailed studies of the
section the reasons for these unexplained
variations might become apparent and help
solve some of the questions regarding medial
and late Devonian sedimentation and ero-
sion in southeastern Missouri.
Stratigraphic relations. — The Beauvais-
St. Laurent contact has been discussed. The
contact of the St. Laurent with the overly-
ing Mississippian beds is nowhere satisfac-
torily exposed. For the most part, however,
beds of definitely late Devonian age and
Kinderhook strata do not intervene between
the St. Laurent below and the Burlington
cherts above. At the summit of Quarry Hill
some sandstone blocks occur which are sug-
gestive of the Sulphur Springs formation,
and both on St. Laurent Creek and in the
exposures south of Belgique there may be
Kinderhookian sediments over the St. Lau-
rent. In any case, it appears that the Missis-
sippian sea transgressed a partially pene-
planed surface. There also may have been
some slight amount of pre-Mississippian
tilting toward the east due to uplift in the
Ozark center, inasmuch as Missippian sedi-
ments apparently rest on slightly younger
Devonian sediments toward the southeast
from Ste. Genevieve County.
Paleontology and correlation.— Savage
(1910, 1920) and S. Weller (1928) corre-
lated the St. Laurent limestone with the
Hamilton of the New York and Ohio val-
ley sections. The fauna is typically eastern
Hamilton, and it shows only slight connec-
tion with the western Devonian fauna of
central Missouri and Iowa. The St.
Laurent fauna of Missouri is, however,
similar to that of the Lingle limestone as
exposed in the upper part of the Bake Oven
section north of Grand Tower, Illinois.
The St. Laurent formation contains a
rather abundant and diversified fauna, best
represented in the Union School area, Perry
County, and much less well displayed in the
Ste. Genevieve County exposures to the
northwest. Some of the most typical species
are : Tropidoleptus carinatus , Microcyclus
discus, Spirifer fornacula, Athyris vittata,
and Chonetes coronatus. Other species of
Chonetes occur prolifically, and are charac-
teristic of the formation.
Flint (1925) and Weller (1928) have
listed a number of species from the St. Lau-
rent, 19 forms coming from the sandy
cherts near the top of Quarry Hill, and
nearly 60 species occurring in the Perry
County exposures. The fauna, however, is
undoubtedly far more extensive than in-
dicated by these lists, and in detail it is
poorly known.
Generalized Section of Devonian
Strata Little Saline Fault Com-
plex, Near Ozora, Missouri6
Summit of Quarry Hill
Veneer of Mississippian Residuum
Chiefly Burlington Chert
St. Laurent Formation
Thick-
Bed a ness
No. Ft.
19 Brown, porous, siliceous sandstones and
cherts in many small to medium-sized blocks
not definitely in place. Many casts and
molds of fossils, largely brachiopodan in
type, Chonetes coronatus and Camarotoechia
congregata being the most abundant species
possibly 20
18 Gray limestones, variable in texture but
rarely crystalline, interbedded with are-
naceous limestones and a few sandstones.
Fossils rare 35
17 Fine-grained dirty-gray brittle limestones
which break with conchoidal fracture. The
lower portion of this bed forms an escarp-
ment on Quarry Hill. Fossils rare 40
16 b. Thin-bedded yellow-gray to blue calcar-
eous sandstones, 10 to 15 feet thick, with
some limestone zones and conglomeratic
phases,
a. Gray-buff dense brittle thin-layered
limestomes, 10 to 15 feet thick 25
N. B. Bed 16b is considerably more cal-
careous in its outcrop above the
the Beauvais sandstone block in
the Little Saline Creek exposure
than in the section on Quarry Hill,
and it is more typically a breccia.
Bed 16a is also thinner at the
Little Saline outcrop than on
Quarry Hill.
Entire St. Laurent section im-
perfectly exposed and descrip-
tions and thicknesses therefore
subject to some error.
6 Quarry Hill section unless otherwise noted.
a The term "Bed" as used in this paper does not, of
course, refer to a single stratum, or necessarily to a paleonto-
logical zone, but rather to a group of strata which can be
recognized in the field.
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Beauvais Sandstone
Thick-
ness
Ft.
Bed.
No.
15 b. Yellow-white to yellow-brown sugary
sandstone, locally but not consistently
cross-bedded, weathering to case-harden-
ed surfaces about 20
a. Yellow to dark brown saccharoidal sand-
stones, somewhat heavier bedded than
bed no. 15b and less commonly cross-
bedded. Sandstones fossilferous but
fossils difficult to find and hard to
identify about 30
N. B. The Beauvais sandstone in the
Quarry Hill section apparently is
some 10 to 15 feet thicker than in
the Little Saline Creek outcrop,
but it is too poorly exposed for
accurate measurements.
Grand Tower Formation
14 White finely crystalline limestone or
"marble" in thin beds, many of which in-
clude numerous floating quartz sand grains
scattered through the calcareous matrix.
Sand grains increase toward top of section.
Beds not markedly fossilferous, but at places
contain Favosites turbinatus. Section com-
posite, being incompletely exposed on
Quarry Hill up to 30
13 Shaly, non-resistent, dark limestones, largely
talus-covered 25
12 Fine-grained thinly bedded limestones, dark
blue where freshly fractured but dirty brown
to black on weathered surfaces. Fossils
common locally, with Schizophoria striatula
the most abundant species 60
11 Pure crystalline white to buff thin-bedded
limestones. Fossils rare 80
10 Light gray to white, rather heavily bedded
limestones with texture varying from granu-
lar to dense and with minor amounts of sand
and sandy chert. Fossil corals abundant
and varie'd 25
9 Light gray to white pure coarsely crystal-
line fossiliferous limestones, resembling
some phases of the Little Saline limestone,
especially bed No. 6, in texture and general
appearance. Fragmental crinoid columnals
prominent on weathered surfaces, and
corals abundant in basal layers 25
8 Dense compact nonfossiliferous limestones,
with many irregular chert concretions 15
The Grand Tower section is a composite
one taken chiefly from the exposures on
Quarry Hill on which however, talus makes
it necessary to turn to the Little Saline
Creek outcrops for additional information
for interpolation.
Little Saline Limestone
7 Dense gray brittle limestones which break
with a splintery fracture. Bryozoans,
especially the genus Lichenalia, abundant. 10
Thick-
Bed ness
No. Ft.
6 Coarsely crystalline light gray, white, pale
pink, or pink-blotched limestones, the lower
portion crinoidal with numerous crinoid
ossicles standing out on weathered surface. 25
5 Dense gray brittle limestones, with Lich-
enalia numerous as in bed No. 7 10
4 Pure crystalline massive heavy bedded
limestones, white to pale pink in color.
Richly fossilferous, with Spirifer murchisoni,
S. arenosus, and Rensselaeria ovoides com-
mon species 60
Bailey Formation
3 Gray, white, or pink, dense to porous cherts
and cherty limestones breaking into angular
fragments from an inch to a foot in maxi-
mum measurement. Upper layers essential-
ly nonfossiliferous, but lower beds yield
slabs with many silicified fossils, chiefly
brachiopods 100
2 Pure crystalline gray-white chert-free fos-
siliferous limestones in heavy beds, rich in
crinoidal fragments. . . .probably less than 10
1 Lower strata comprise fine-grained gray to
yellow or buff thin-bedded dolomites with
some small chert nodules. Upper beds
shaly with weathered punky masses of im-
pure chert, light in weight, and commonly
studded with pygidea of Da/manites, and
the shells of Leptaena rhomboidalis
. . at least 90
The Bailey section is entirely composite,
being made up chiefly on the basis of dis-
continuous exposures on Peach Tree Ridge
and outcrops in the hills south of Little
Saline Creek but north of the major thrust
fault.
Correlation
general statement
Because of the discontinuity of the De-
vonian outcrops in the fault zone shown
on figure 19, and because of the complexly
faulted condition of most of the Devonian
strata and their partial to nearly complete
burial under loess, residual cherts, or
stream alluvium, accurate correlation of
some of these sediments has been difficult
to almost impossible. It has been demon-
strated, however, that evidence concerning
the age of the most fossiliferous beds has,
for the most part, made it possible to estab-
lish reasonable correlations of the various
Missouri Devonian strata with rocks of
somewhat similar age in distant areas ; but
the correlation of the southeastern Missouri
sediments with the Devonian rocks of essen-
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tially adjacent Union and Jackson counties,
Illinois, has paradoxically presented even
greater difficulties and cannot even yet be
said to be well established.
In order that some of the problems in-
volved may be visualized, figure 19 has been
made to show the general trend of the fault
zone, the more important areas of Devonian
outcrops, and, indicated by letters, the lo-
calities most frequently referred to in the
text. Figures 20 and 21 show diagrammati-
cally "standard" and "alternate" correla-
tion possibilities for the Devonian sediments
exposed in the Little Saline area of Ste.
Genevieve County, Missouri, as compared
with those cropping out in the general vi-
cinity of Wittenberg, Perry County, Mis-
souri, and Grand Tower, Illinois.
In order to simplify a very complicated
situation, the cross-sections of the Devonian
rocks do not take into account present topo-
graphic irregularities, or structural features
developed in post-Hamilton times; nor do
they show the character of the enclosing
sediments other than to indicate that they
are generally Bainbridge beds below and
Kinderhook strata above. Moreover, beds
Nos. 1 to 19, (described in the general co-
lumnar section) are shown at the left-hand
edge of both figures 20 and 21 in highly
generalized fashion, and their total thick-
ness, 700 feet, has been arbitrarily assigned.
Nevertheless, in view of the rapid sedimen-
tological changes expressed by most of the
formations involved, the section shown may
be taken as reasonably realistic for the Little
Saline area, although there is no one place
where such a continuous section may be seen
in the field. Similarly, the general section
for Grand Tower and vicinity, some 35
miles southeast of Little Saline Creek,
shown at the right-hand edge of the section,
is one in which thicknesses have been as-
signed arbitrarily, and sedimentological
characters are indicated in only the most
generalized fashion. It scarcely need be
stated again thai no such complete column
is exposed at Grand Tower, or pointed out
that the section directly across the Missis-
sippi from Grand Tower apparently lacks
a number <>i the formations well expressed
a leu miles to the southeast in Illinois. In
other words a true picture of all the com-
plications involved could only be gained
from a three dimensional diagram, whose
construction at present is impractical be-
cause of lack of sufficient information.
Nevertheless, the section, especially in its
lower portion, does thicken toward the
south, as shown, and the total reconstructed
thickness of the Devonian rocks at or near
Grand Tower is at least as great as the
1125 feet arbitrarily assigned.
It must be remembered further, in study-
ing figures 20 and 21, that the Devonian
strata in the area between Little Saline
Creek and Grand Tower are much less
complete, or less well exposed, than at the
ends of the section. Therefore, the thickness
of the total Devonian column at such
points as Red Rock, McBride and Lithium
Springs, for instance, can only be estimated.
The St. Laurent Creek section probably is
shown too thin, however, on both correlation
diagrams. Moreover, the suggested cor-
relations of the Missouri strata with the
Devonian of New York, although probably
correct in the main, are still subject to con-
siderable revision in detail. Finally, it is
obvious that the two suggested alternative
possibilities for correlation of the Devonian
strata of Missouri and Illinois by no means
exhaust the range of multiple working hy-
potheses which might be brought to play on
the question; and, further, that the present
statements can only be regarded as in the
nature of a progress report.
"standard" correlation
It may be argued that there is no such
thing as a "standard" correlation chart for
any group of sediments, much less for the
Devonian rocks of southeastern Missouri
and adjacent Illinois. During the past 75
years, however, due to the combined efforts
of the various geologists cited elsewhere in
this paper, there has gradually evolved a
general Missouri-Illinois Devonian correla-
tion concept essentially like that expressed
in figure 20. In spite of the fact, therefore,
that the details involved in this correlation
have never before been illustrated, even
diagrammatically, and that the details fail
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to express accurately all of the ideas of any
one previous worker, it is nevertheless fair
to designate figure 20 as a "standard" or
at least a "composite" expression of such
meager modern geologic opinion as exists on
this matter.
In order properly to evaluate the validity
of the "standard" correlation, we may list
first, the points in its favor, and, second, the
factors which seem to weaken its plausi-
bility. The items which lend weight to the
"standard" correlation are:
1. The Little Saline Creek Devonian
section is in general somewhat more clastic
than the Grand Tower section, and on this
basis alone one might well conclude that it
represents a nearer shore facies. Proceeding
under such an assumption it is natural for
the conglomeratic and sandy St. Laurent
strata to merge southward into the less
clastic Alto and Lingle formations ; the
Beauvais sandstone is the near-shore facies
of the Misenheimer shale; bed No. 13 of
the Grand Tower, which is shaly in the
Little Saline area, grades into purer lime-
stone southward; and beds 8, 9, and 10 of
the Grand Tower, which carry sand grains
to the north, become the Clear Creek and
Dutch Creek formations to the south.
Reasoning further along the same line, the
shaly lower Bailey, bed No. 1 of the Little
Saline area, as would be expected, becomes
less and less clastic toward the south. 7 Fin-
ally, it may be argued that because the
Little Saline area was not only nearer the
source of supply, but also closer to the
center of uplift, post-Bailey, post-Grassy
Knob, post-Little Saline, and post-Clear
Creek positive movements resulted in some
truncation and thinning of these formations
toward the northwest.
2. Paleontologically the "standard" cor-
relation is at least superficially strengthened
by the fact that all the Bailey species known
from Perry County also occur in the
Bailey of the Little Saline area, and that
the fauna of bed No. 4, basal Little Saline
limestone, is essentially the same as that
of the basal Backbone, as exposed some 40
miles to the southeast. In addition, the
7 There is some evidence to the contrary.
Grand Tower fauna at Quarry Hill is
similar in many ways to that found in the
formation at its type area; and the St.
Laurent species of the Little Saline area
also occur in the same formation in its
Perry County exposures, which, it must be
remembered, are much more fossiliferous.
Finally, the Missouri St. Laurent fauna
finds its near equivalents in the assemblages
occurring across the Mississippi River in
the Lingle formation and, to a lesser extent,
in the Alto limestone.
In spite of the points made in the pre-
ceding paragraphs, there are numerous
anomalies which the "standard" correlation
fails to explain completely:
1. If the Little Saline area is a region
of nearer shore accumulation of Devonian
sediments than the Grand Tower district,
it is rather difficult8 to account convincing-
ly for the notable thickening southeastward
of the pre-Grand Tower sediments with-
out resorting to a series of fortuitously
spaced minor uplifts, field evidence for
most of which is far from definite. Fur-
thermore, following the "standard" corre-
lation, the Dutch Creek sandstone, occur-
ring in the southern and presumably
deeper water section, requires a special
explanation.
2. The Perry County Bailey fauna is
not nearly as well known as that of Ste.
Genevieve County, to date some 25 spe-
cies having been identified from the former
area as compared with approximately 65
from the latter. Several of the most con-
spicuous of the Bailey species of the Little
Saline area are among the 40 which have
not been certainly identified in Pern' Coun-
ty exposures. Some, but possibly not all,
of these faunal differences may be account-
ed for on the basis of lack of detailed
paleontologic work on the Bailey southeast
of the Little Saline Valley.
The Grassy Knob fauna shows both
Helderbergian and Oriskanian affinities.
Although it is still too early to place this
formation definitely on paleontological evi-
dence, the continuity of bed No. 4 of the
Little Saline, and the lack of certain iden-
9 But far from certainly.
8 But far from impossible.
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tification of Grassy Knob strata in the
Little Saline area, are suggestive of a pre-
Oriskany beveling of the northern extension
of the Grassy Knob chert. If this is the
correct solution, however, the Grassy Knob
is possibly entirely Helderbergian in age,
despite a slight amount of paleontological
evidence to the contrary.
The important general similarities of the
Grand Tower faunas east and west of the
Mississippi River tend to conceal their
rather significant differences. The preva-
lence of corals in the Quarry Hill Grand
Tower and the abundance of Schizophoria
striatula in the same section make difficult
of explanation the near absence of these
elements in the Grand Tower strata of the
type area. On the other hand, the Gom-
phoceran cephalopods first occur in the Bake
Oven section in Savage's layer S56p, some
30 feet from the top of the formation, or
125 feet from its base. In the Little Saline
area they occur chiefly some 165 to 175
feet above the base of the Grand Tower
and 80 to 90 feet from its top.
If the Beauvais and Misenheimer are
actually correlatives, it is at least a little
surprising, despite their lithological differ-
ences, and what we know of environmental
control, that their faunas should be so
markedly dissimilar.
The general equivalence of the St.
Laurent with the Lingle and Alto forma-
tions cannot be doubted, but once again in
this instance the faunal differences10 are
almost as unaccountably marked as in the
case of the Beauvais-Misenheimer anomaly.
Space does not suffice to elaborate all of
the other physical and organic evidences for
and against the "standard" correlation, but
sufficient data have been presented on both
sides to make clear the bases which exist
for differences of opinion on this detail of
Devonian correlation.
ALTERNATE CORRELATION
J. M. Weller (1939) has suggested an
alternative correlation for the Devonian
strata of southeastern Missouri and south-
western Illinois. This "alternate" correla-
10 In this case, however, there are also faunal similarities.
tion, which has also occurred to others,
involves the assumption that the Beauvais
and Dutch Creek sandstones are one and
the same, and that the Grand Tower of
Quarry Hill is older than the Grand Tower
of the type area. The factors which favor
the validity of this interpretation are as
follows
:
1. The apparent conformable relation-
ship of the Little Saline and Grand Tower
formations on Quarry Hill makes difficult
of explanation the great Clear Creek chert
sequence which, according to the "standard"
correlation, separates them in outcrops onlv
a few miles to the southeast in Illinois.
2. It is somewhat unlikely that two for-
mations as similar as the Beauvais and the
Dutch Creek should be persistently present
at slightly different horizons in adjacent
areas and yet each fail to be represented,
even in modified form, in the normal out-
crop region of the other.
3. The Beauvais is essentially noncoral-
liferous whereas the Dutch Creek, which
is more calcareous than the former, locally
contains corals in some profusion, a not
surprising situation if the Beauvais is mere-
ly a near-shore phase of the Illinois sand-
stone.
4. If the Beauvais and Dutch Creek are
equivalent, then beds Nos. 16 and 17 of the
St. Laurent are probably correlatives of
the Grand Tower in its type area. In this
case bed No. 16, which is sandy to con-
glomeratic in the Little Saline area, is the
near-shore equivalent of the lower arena-
ceous beds of the Grand Tower as exposed
on the west side of the Bake Oven.
5. Following the same correlation, bed
18 of the St. Laurent, which is made up
of arenaceous limestones and some sandy
layers, is the nearer shore equivalent of
both the Misenheimer and the Lingle for-
mations.
6. Bed No. 19 of the St. Laurent, which
is somewhat similar lithologically to the
Alto siliceous limestone, is, plausibly enough,
its actual equivalent.
7. According to the "alternate" correla-
tion, beds 8 to 14 of the so-called Grand
Tower of Quarry Hill must be the equiva-
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lent of the Clear Creek chert. If this be
so, the relatively chert-free Quarry Hill
"Grand Tower" become notably more
siliceous to the southeast. Actually the
Grand Tower of the Little Saline area
is far more siliceous than has been sup-
posed, and the Little Saline limestone is
known to become more cherty toward the
south. Therefore, this change in lithology
is not of itself sufficient reason for regard-
ing it as improbable that the Clear Creek
chert should represent secondary silicifica-
tion 11 of "Grand Tower" limestone south
of the Little Saline area.
In spite of the previously enumerated
points in favor of the "alternate" correla-
tion, it, like the "standard" explanation,
fails to solve satisfactorily a number of
stratigraphic problems.
1. If the Clear Creek chert and the so-
called Grand Tower strata of Quarry Hill
grade into each other, as the "alternate"
correlation requires, then the medial to late
Onondagan faunas of the Grand Tower
must have lived contemporaneously with
the rather definitely early Onondagan as-
semblage of the Clear Creek formation.
Recognizing that the paleontological infor-
mation is still incomplete, such a correlation
nevertheless seems almost impossible.
2. Beauvais and Dutch Creek faunas
have essentially nothing in common. The
absence of corals in the former and their
presence in the latter can indeed be logically
explained, but the total lack of equivalency
in those elements of the faunas which are
not very susceptible to environmental con-
trol seems to point to non-contemporaneity
for the strata in question.
3. Although beds Nos. 16 and 17 of the
St. Laurent formation on Quarry Hill are
essentially nonfossiliferous, it appears very
unlikely, although not impossible, that these
strata should be contemporaneous with the
Grand Tower beds in the Bake Oven sec-
tion because such St. Laurent fossils as can
be recovered, especially from Perry County
exposures, are similar to Lingle and Alto
species, rather than to the Grand Tower
11 There is some subsurface evidence that much Clear
Creek chert is primary in origin, but the "chert problem" is
not discussed in this paper.
fauna at the Bake Oven. Moreover, no
St. Laurent fossils known at present have
definitely Onondagan aspects.
4. If bed No. 3 of the Bailey formation
is the equivalent, in whole or in part, of
the Grassy Knob chert, then the definitely
pre-latest Helderbergian fauna of the for-
mer would have to be considered nearly
if not quite contemporaneous with the
fauna of the latter, which has generally
been regarded as Oriskanian.
Conclusions
In summary it is obvious that only one
formational correlation under either hy-
pothesis is established entirely beyond ques-
tion. This is the general equivalency of
the Little Saline limestone of the Quarry
Hill district and the Backbone limestone
of Union and Jackson counties, Illinois.
More specifically, bed No. 4 of the Little
Saline at Quarry Hill is lithologically and
paleontologically essentially identical with
the basal Backbone as exposed in what
J. M. Weller regards as disconformable
contact with the Grassy Knob formation
on a tributary of Hutchins Creek in the
SE. J4 sec. 23, T. 11 S., R. 3 W. in Union
County, Illinois.
Although this equivalency does little to
help account for the apparent absence or
near absence of Little Saline-Backbone
sediments in Perry County, Missouri, it
does, in a fashion, resolve the correlation
difficulties into separate pre- and post-Little
Saline problems. Thus there is first a
Bailey-Grassy Knob correlation question.
This is complicated chiefly by the fact
that the Grassy Knob is extremely limited
in its outcrop area, and the Clear Creek
and even the Backbone formations may
yield cherts bewilderingly similar to those
of the Bailey-Grassy Knob sequence. But
despite these and other difficulties, the pre-
Little Saline correlation problems are rela-
tively simple.
The post-Little Saline sediments, how-
ever, present much more equivocal correla-
tion difficulties for the field geologist.
What part of the Quarry Hill Grand
Tower is equivalent to the Devil's Bake
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Oven Grand Tower? What part of it is
Clear Creek in age? What is the relation-
ship of the Beauvais to the Dutch Creek,
to the Misenheimer ; or to the Grand
Tower of Ste. Genevieve County, Missouri,
in contradistinction to the Grand Tower of
Jackson County, Illinois? What is the re-
lationship of the Beauvais to the St. Laurent
exposed along St. Laurent Creek? What
St. Laurent strata in the type area are
equivalent to the Lingle and Alto beds?
Is the Misenheimer a Beauvais or a St.
Laurent equivalent? If definite answers to
any two of these questions were available,
solutions to the others would present much
less difficulty.
Although such definite answers are not
yet at hand, it seems to the writer that the
''standard" correlation, or some modifica-
tion of it, presents a considerably more
satisfactory picture of the actual stratig-
raphy of the Devonian of southeastern
Missouri than does the "alternate" correla-
tion. It is probably still too early, however,
to reject the latter solution, or some variant
of it, as being completely beyond the
bounds of scientific possibility.
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THE DEVONIAN SYSTEM IN ARKANSAS AND OKLAHOMA'
Hugh D. Miser
Geologist, United States Geological Survey
Rocks of Devonian age are exposed
in widely separated areas in Arkansas
- and Oklahoma (see figure 26) . Some
of these areas are in the Ozark region of
northern Arkansas and northeastern Okla-
homa. Others are in the Arbuckle Moun-
tains of southern Oklahoma and in the
Ouachita Mountains of western Arkansas
and southeastern Oklahoma. In the Ozark
region the Devonian rocks are horizontal
or nearly so and their thickness is small,
being measured in tens of feet; as a result
the belts of outcrop are narrow and crooked.
Also the belts of outcrop occur on the slopes
of hills that are capped by rocks of Missis-
sippian age. In the Arbuckle and Ouachita
Mountains, however, the Devonian rocks
are measured in hundreds of feet; and, be-
cause they have been deformed by folding
and faulting, their belts of outcrop are in
general narrow bands that in many areas
are straight or somewhat curved and are
parallel. In both the Arbuckle and Ouach-
ita Mountains some of the Devonian rocks
make low and high ridges.
The names of the different formations
in the different portions of the two States
are shown in the accompanying table (fig.
27). Also their thicknesses, age, and strati-
graphic relations are indicated.
Northern Arkansas
The Penters chert, 2 the oldest formation
of Devonian age in northern Arkansas,
ranges in thickness from a feather edge to
91 feet and all of its exposures, which are
small, are near Batesville. It is composed
mainly of massive, dense chert that breaks
with a conchoidal fracture, but it contains
a small quantity of gray fine-grained lime-
stone. The color of most of the chert is
1 Published with the permission of the Director of the
Geological Survey, United States Department of the Interior.
2 Miser, II. I)., Deposits of manganese ore in the Bates-
ville district, Arkansas: I J. S. Geol. Survey Bull. 734, pp.
32-34, 1922.
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light to bluish gray, but that of the upper
part is black wherever it is overlain by the
Chattanooga shale. A breccia zone, several
feet thick, at the top of the chert consists
of angular blocks of chert of large and
small size that have been firmly cemented
together by earthy sandy material. This
zone grades downward into bedded chert
whose layers are folded at many places.
The breccia represents the surficial part
of the formation that was fractured and
more or less weathered on an old land
surface before Chattanooga time. The fold-
ing of the chert beds was probably due to
the settling of the beds into solution cavities
in the underlying St. Clair limestone (Silu-
rian)
; and it, like the formation of the
breccia, appears to have taken place before
the deposition of the Chattanooga shale
which does not partake of the flexing but
rests upon the upturned edges of the Pen-
ters chert. No fossils have been discovered
in the chert, but from its position between
Silurian rocks, below, and the Chattanooga
shale of Devonian age, above, its age ap-
pears to be Devonian. The Penters may
be equivalent to the Camden chert (of
Onondaga age) of west-central Tennessee,
and the lower member of the Arkansas no-
vaculite of the Ouachita Mountains in west-
ern Arkansas and southeastern Oklahoma.
The next formation in order of age in
northern Arkansas is the Clifty limestone. 3
Its only exposure is on the East Fork of
Little Clifty Creek in the southeast corner
of Benton County. It is a sandy compact
light bluish-gray fossiliferous limestone and
the greatest thickness that has been observed
is 2j/2 feet. Ulrich, 4 who has studied the
fauna from this limestone, correlates it with
the Hamilton of the New York section and
the Sellersburg limestone of Indiana.
3 Purdue, A. H., and Miser, H. D., U. S. Geol. Survey
Geol. Atlas, Eureka Springs-Harrison folio 202, p. 9, 1916.
4 Ulrich, E. O., in Purdue, A. H., and Miser, H. D., op.
cit., p. 9.
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Fig. 26.—Map of Arkansas and Oklahoma showing outcrops of Devonian rocks.
The Chattanooga shale is exposed near
Batesville in Independence County and in
some other counties as far west as the
Arkansas-Oklahoma line. It is a coal-black
clay shale that splits into thin plates and
slabs. It is thickest near the west border of
the State where it attains a thickness of 70
feet. In the Batesville district in Inde-
pendence County it lies between Penters
chert, below, and the Boone chert of Mis-
sissippian age, above. In that district it
contains the fossil Schizobolus truncatus.
On the basis of this fossil Ulrich 5 holds
that the shale in that district is of Genesee
age and therefore older than the Chatta-
nooga shale of Tennessee which he assigns
a Kinderhook age. Farther west in Arkan-
sas the shale is generally underlain by a
white to brown sandstone, to 75 feet
thick, known as the Sylamore sandstone
member, which is also thickest in the west-
ern part of the State. Fossil conodonts,
a lingula, and an imperfect fish bone been
found in the Chattanooga shale in the
northwestern part of the State. From them
5 Ulrich, E. O., In Miser, H. D., op. cit., pp. 35-36.
6 Ulrich, E. O., in Purdue, A. H., and Miser H. D., op.
cit., p. 9.
Ulrich 6 concludes that the Chattanooga
there is of the same age as the formation
of the same name in Tennessee.
In 1940 I obtained a fragment of petri-
fied wood, identified by C. B. Read 7 as
Callixylon, that appears to have come from
the Chattanooga at a locality near Eureka
Springs, in northwestern Arkansas. This
specimen is, so far as I know, the first to be
found in the Chattanooga in that part of
the State.
The Chattanooga shale extends north-
ward from Arkansas into the southwest
corner of Missouri where it has been called
the Noel shale, to which Branson 8 assigns
a late Devonian age.
In large areas in northern Arkansas the
Chattanooga shale is absent, but a sand-
stone resembling the Sylamore and desig-
nated by that name by some authors9 lies
at the base of the next younger unit—the
Boone chert. This sandstone appears to be
the basal deposit of the Boone, 10 and al-
7 Oral communication.
8 Branson, E. B., Stratigraphy and paleontology of the
lower Mississippian of Missouri: Univ. of Missouri Studies,
pt. 1, vol. 13, No. 3, p. 8, 1938.
9 Purdue, A. H., and Miser, H. D., idem.
10 McKnight, E. T., Zinc and lead deposits of northern
Arkansas: U. S. Geol. Survey Bull. 853, p. 73, 1935.
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though the sandstone may not be of the
same age at all places, it may be a litho-
logic unit that is continuous with the Syla-
more.
Arbuckle Mountains and
Northeastern Oklahoma
In the Arbuckle Mountains of southern
Oklahoma the Devonian system is repre-
resented by four named units. The three
oldest of these units, together with two for-
mations (Chimneyhill and Henryhouse) of
Silurian age, constitute the Hunton group. 11
The oldest Devonian formation, the Hara-
gan shale, consists of 0-166 feet of gray to
drab, soft marly shale and interbedded
marly limestone. On the basis of its abun-
dant fauna the shale is of New Scotland age
(Lower Devonian). The next formation,
the Bois d'Arc limestone, 0-90 feet thick, is
composed of white to gray cherty, crystal-
line limestone which usually crops out as
conspicuous hogback ridges. Its age, as in-
dicated by its rather abundant fauna, is
Becraft (Lower Devonian). The topmost
unit of the Hunton is the Frisco limestone,
0-20 feet thick, which is a gray coquina-like
limestone of Oriskany (Lower Devonian)
age. 'I lie Woodford chert, the youngest
1
' Reeds, C. A.
Vii hi il Histoi
The Arbuckle Mountaii
26, ,,,,. 470-4 73, 1926.
Oklahoma
formation that may be assignable to the De-
vonian, is composed of shale and chert and
is 500 to 650 feet thick. The chert pre-
dominates in parts of the Arbuckle Moun-
tains but elsewhere in these mountains shale
makes up much or all of the formation.
The fossils from the Woodford and the age
relations of the formation will be discussed
later.
The Frisco limestone, whose typical de-
velopment is in the Arbuckle Mountains, ex-
tends into northeastern Oklahoma where
it is exposed in the vicinity of Marble- in
Cherokee County. 12 It is there a coquina-
like limestone, 5 to 8 feet thick, and has
been correlated with the Little Saline lime-
stone of Missouri. 13
The Sallisaw sandstone, 30 feet thick,
overlies the Frisco limestone unconformably.
It is a calcareous sandstone and from it
Dunbar has obtained a fauna which is cor-
related by Schuchert14 with the fauna of the
Camden chert of Tennessee.
The Chattanooga shale, with its basal
member, the Sylamore sandstone, in north-
eastern Oklahoma represents a westward
12 Cram, I. A., Oil and gas in Oklahoma; Cherokee, and
Adair Counties: Oklahoma Geol. Survey Bull. 40-QQ, p.
24, 1930.
13 Stewart, G. A., In Branson, E. B., The Devonian of
Missouri: Missouri Bur. Geol. and Mines, vol. 17, 2d ser.,
pp. 213-269, 1923.
14 Schuchert, Chas., Devonian of Oklahoma, with special
reference to the Oriskany and Camden formations: Geol.
Soc. America Bull., vol. 33, p. 668, 1922.
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continuation of the same strata that crop
out in the northwestern part of Arkansas.
The shale is 20 to 90 feet thick and the
Sylamore is 1 to 30 feet thick.
Ouachita Mountains
The unusual rock novaculite is wide-
spread in the Ouachita Mountains of Ar-
kansas and Oklahoma, and it has attracted
the attention of geologists for more than a
century. The name novaculite was first
applied to the rock by Schoolcraft in 1819.
The novaculite is a gritty, fine-grained, ho-
mogeneous, highly siliceous rock possessing
a conchoidal or subconchoidal fracture and
being translucent on thin edges. It is in
large part massive and being resistant, it
forms mountain ridges, some of which
reach heights of about 1,300 feet above
their base.
The early American Indians used the
novaculite extensively for stone imple-
ments, and many of their quarries, some of
which are on Indian Mountain near the
Hot Springs National Park, may still be
visited. Modern man has long utilized the
novaculite for the manufacture of oilstones,
which are marketed in the United States and
other countries.
The formation in which the novaculite
occurs was named by Purdue15 the Arkansas
novaculite. As developed in many parts of
the Ouachita Mountains, the Arkansas no-
vaculite ranges in thickness from a feather
edge to 950 feet and consists of three lith-
ologic divisions—a lower one, made up al-
most entirely of massive white novaculite,
0-410 thick; a middle one, 0-525 feet
thick, consisting mainly of thin layers of
dense, dark-colored novaculite interbedded
with shale; and an upper one, 0-125 feet
thick, consisting chiefly of massive, highly
calcareous novaculite. A widespread con-
glomerate separates the middle from the
lower member.
The Pinetop chert16 is exposed in the Ti
Valley belt, a frontal belt of the Oklahoma
portion of the Ouachita Mountains. Ex-
15 Purdue, A. H., The slates of Arkansas, Arkansas Geol.
Survey, pp. 39-40, 1909.
16 Miser, H. D., Carboniferous rocks of Ouachita Moun-
tains : Am. Assoc. Petroleum Geologists Bull., vol. 18, No.
8, pp. 974-975, 1934.
posures near Pinetop school reveal about 50
feet of fossiliferous chert and limestone. It
lies between the Woodford chert, above,
and an unnamed limestone of Helderberg
age, 17 below. The Pinetop is also known
as the Brushy Creek chert, 18 a name given
to it by Ulrich. The Woodford in the Ti
Valley belt consists of 160 feet of chert and
shale.
Fossils from Arbuckle and
Ouachita Mountains
The Pinetop chert contains some fossils
which Ulrich18 has regarded as indicating
clearly the age of the Camden chert of
Tennessee and the lower member of the
Arkansas novaculite. This correlation he
made as long ago as 1908. A single frag-
mentary specimen of Leptocoelia flabellites
has been discovered by Honess in the
lower member of the novaculite in Okla-
homa. 19 This species is stated by Dunbar20
to be very common in the Camden chert.
Logs of petrified wood belonging to the
genus Callixylon are common in the Wood-
ford chert of the Arbuckle Mountains, in
the Woodford in the northern frontal zone
of the Ouachita Mountains in Oklahoma,
and also in the middle of the Arkansas no-
vaculite in Black Knob Ridge and Potato
Hills in Oklahoma and near Glenwood,
Ark. The largest of the petrified logs, one
4]/2 feet in diameter, was discovered by John
Fitts many years ago in the Woodford chert
near Ada, Okla. This remarkable log was
examined 10 years ago by David White and
he pronounced its discovery as revealing the
largest known tree of so great an age.
After the death of Doctor White in 1935,
Mr. Fitts transported the petrified tree to
the campus of East Central Oklahoma State
Teachers College in Ada and there erected
it as a monument to the memory of Doctor
White. 21
17 Hendricks, T. A., oral communication.
18 Ulrich, E. O., Fossiliferous boulders in the Ouachita
"Caney" shale and the age of the shale containing them:
Oklahoma Geol. Survey Bull. 45, p. 27 and fig. 2, 1927.
!9 Honess, C. W., Geology of the southern Ouachita
Mountains of Oklahoma: Oklahoma Geol. Survey Bull. 32,
pp. 116-117, 1923.
20 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Tennessee Geol. Survey
Bull. 21, pp. 79-91. 1919.
21 Dott, R. H., Twenty-first annual meeting Am. Assoc.
Petroleum Geologists, Mayo Hotel, Tulsa, Okla., March 19-
21 1936- Am. Assoc. Petroleum Geologists Bull., vol. 20,
No. 5, pp. 622-632, 1936.
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From conodonts, small linguloids, and
sporangites obtained from the middle divi-
sion of the novaculite at Caddo Gap, Ar-
kansas, Ulrich concludes that this division
of the novaculite and perhaps also the upper
division are to be correlated with the Wood-
ford chert of Oklahoma and the Chatta-
nooga shale of Tennessee, 22 which he holds
are of early Mississippian age. He, however,
has expressed the opinion that a small part
of the middle division is of the same age as
the Genesee shale (late Devonian) of the
Appalachian region. From conodonts ob-
tained from the novaculite at Caddo Gap,
Arkansas, and other localities and from the
Woodford chert of Oklahoma, Cooper cor-
relates both the middle and upper divisions
with the Woodford chert and "is inclined to
place the entire middle division in the Mis-
sissippian." 23 On the other hand, Branson,
who has studied the conodont fauna from
the Woodford, identified it as Devonian. 24
Origin of Novaculite
The origin of the novaculite has been a
subject of study for fully 80 years and the
number of theories offered to explain its
origin remind us of the numerous theories
of ore deposition in many mining districts.
The following summary reveals the diversi-
ty of views concerning the origin of the
novaculite.
Owen 25 considered the novaculite a meta-
morphosed sandstone. Branner 26 suggested
that the compact novaculite may be meta-
morphosed chert. Comstock27 regarded
many of these rocks as hot-water deposits.
Griswold 28 regarded the novaculite as a
sandstone of extremely fine grain and main-
tained that the very argillaceous shale asso-
ciated with the novaculite grades into silice-
_
22 Ulrich, E. O., in Miser, H. D., and Purdue, A. H.,
Geology of the De Queen and Caddo Gap quadrangles, Ar-
kansas: U. S. Geol. Survey Bull. 808, p. 58, 1929.
23 Cooper, C. L., Conodonts from the upper and middle
Arkansas Novaculite, Mississippian, at Caddo Gap, Arkan-
sas: Jour. Paleontology, vol. 9, No. 4, pp. 307-315, 1935.
Conodonts from the Arkansas novaculite, Woodford forma-
tion, Ohio shale, and Sunbury shale : Jour. Paleontology,
vol. 5, pp. 143-151, 1931. New conodonts from the Wood-
ford formation ol Oklahoma: Jour Paleontology, vol. 5, pp.
230-243, 1931.
24 Branson, E. I'., in Hyatt, D. P., Preliminary report
on the hilt', pool, I'onioioc County, Oklahoma: Am. Assoc.
Petroleum Geologists Bull., vol. 20, p. 958, 1936.
'2r» Owen, D, D., Second report of a geological recon-
naissance of the middle and southern counties of Arkansas,
pp. 23-25, 1860.
ous shale and then into transparent novacu-
lite, and that it is therefore shale minus the
argillaceous component. Rutley, 29 in a re-
view of the subject, reached the conclusion
that the novaculite has resulted from the
replacement of dolomite or dolomitic lime-
stone by silica. Hinde, 30 on hearing Rutley's
paper, expressed the opinion that the rock
is of organic origin. Derby 31 held the view
that it is the product of a replacement of
limestone by silica. Weed 32 expressed the
opinion that it was formed as a chemical
precipitate in a deep sea and that although
it has been hardened it has otherwise been
very little altered. Van Hise33 was inclined
to believe that it may be largely an organic
precipitate, although now completely re-
crystallized so as to be composed of perfect-
ly fitting granules of quartz.
Honess, 34 who has made a thorough study
of the Arkansas novaculite in McCurtain
County, Oklahoma, found volcanic ash in
the formation in exposures near Wright
City. From the occurrence of the ash he
suggests that at least some of the novaculite
is silicified and devitrified volcanic ash, but
in the absence of positive evidence for prov-
ing the suggestion he believes that the nova-
culite was formed by chemical precipitation,
without the aid of organisms.
Purdue and Miser, 35 who made field
studies of the novaculite many years ago,
published the belief that the silica for the
novaculite was deposited in the sea by chem-
ical precipitation.
From the occurrence of radiolaria in the
Caballos novaculite of the trans-Pacos re-
26 Branner, J. C, Arkansas Geol. Survey Ann. Rept. for
1888, vol. 1, p. 49 (footnote), 1888.
27 Comstock, T. B., Report upon preliminary examination
of the geology of western-central Arkansas: Arkansas Geol.
Survey Ann. Rept. for 1888, vol. 1, pp. 95 and 129, 1888.
28 Griswold, L. S., Whetstones and the novaculites of
Arkansas: Arkansas Geol. Survey Ann. Rept. for 1890, vol.
3, 1892.
29 Rutley, Frank, On the origin of certain novaculites and
quartzites: Geol. Soc. London Quart. Jour., vol. 50, pp.
377-394, 1894.
30 Hinde, G. J., (Discussion of Rutley's paper) : Geol.
Soc. London Quart. Jour., vol. 50, pp. 391-392, 1894.
31 Derby, O. A., Notes on Arkansas novaculite: Jour.
Geology, vol. 6, pp. 366-368, 1898.
32 Weed, W. H., Geological sketch of the Hot Springs
district, Ark.: 57th Cong., 1st sess., S. Doc. 282, p. 84,
1902.
33 Van Hise, C. R., A treatise on metamorphism : U. S.
Geol. Survey Mon. 47, p. 853, 1904.
34 Honess, C. W., Geology of the southern Ouachita
Mountains of Oklahoma: Oklahoma Geol. Survey Bull. 32,
pp. 138-139, 1923.
35 Miser, H. D., and Purdue, A. H., Geology of the
DeQueen and Caddo Gap quadrangles, Arkansas: U. S.
Geol. Survey Bull. 808, pp. 56-57, 1929.
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gion of Texas, Baker and Bowman 36 con-
cluded about 20 years ago that it and also
the Arkansas novaculite, which is similar in
age and lithologic character to the Caballos,
are radiolarian in origin. The first radio-
larian remains in the Arkansas nocavulite
were, however, described in 1936 by Hen-
best. 37 He concludes that the radiolarians
which occupy from 2 to about 25 per cent of
the total mass of the material studied by
him account for a portion of the silica of
the novaculite. With Henbest's conclusion
Hendricks, Knechtel, and Bridge 38 are in
accord. In addition they state, "The uni-
formly high silica content and the absence
of any remnants of carbonate material other
than clearly secondary crystals . . . leads
to the conclusion that the novaculite is an
initially siliceous deposit and not a replace-
ment of limestone or other material."
King, 39 who has studied the Caballos no-
vaculite, comments as follows concerning its
origin
:
"A relation between novaculite deposition and
the secretion of silica by s'uch organisms as Radio-
laria, with volcanic activity, is possible but remains
to be proved. To the writer the northwestward
thinning of the novaculite members, their relation
to the banded chert members, and the ripple-
marked bedding surfaces suggest that the Caballos
formation may have been laid down as a fine clastic
sediment, rather than as a precipitate."
A radiolarian fauna from the Caballos
formation of the Marathon region of west
Texas has been described recently by Miss
Aberdeen. 40
In the fauna are 18 genera and 24 new
species. Concerning the habitat and con-
ditions of burial of the fauna, she concludes
that it may be considered a pelagic group,
probably deposited in shallow waters.
The Arkansas novaculite offers a field
for the study of its radiolarian fauna that
appears to be as fruitful as the investiga-
36 Baker, C. L., and Bowman, W. F., Geologic explora-
tion of the southeastern front range of trans-Pecos Texas
:
Univ. of Texas Bull. 1753, 1917. Baker, C. L., in Davis,
E. F., The radiolarian cherts of the Franciscan group: Univ.
California Pub., Bull. Dept. Geol., vol. 11, No. 3, pp. 333-
336, 1918.
37 Henbest, L. G., Radiolaria in the Arkansas novaculite,
Caballos novaculite, and Bigfork chert: Jour. Paleontology,
vol. 10, pp. 76-78, 1936.
.
38 Hendricks, T. A., Knechtel, M. M., and Bridge, Jo-
siah, Geology of Black Knob Ridge, Oklahoma: Am. Assoc.
Petroleum Geologists Bull., vol. 21, pp. 10-11, 1937.
39 King, P. B., Geology of the Marathon region, Texas:
U. S. Geol. Survey Prof. Paper 187, pp. 54-55, 1937.
40 Aberdeen, Esther, Radiolarian fauna of the Caballos
formation. Marathon basin, Texas : Jour. Paleontology,
vol. 14, pp. 127-139, 1940.
tion of the Caballos radiolarian fauna has
proved to be. From such a study and also
from combined field and petrographic exam-
inations of the Arkansas novaculite, our
knowledge of the conditions of the deposi-
tion of the novaculite will be increased
greatly.
Oil Production in Devonian
in Oklahoma
The first oil production in limestone of
Devonian age in Oklahoma was obtained
in 1921 at Maud in the greater Seminole
field. 41 Since that time it has produced much
oil not only in this but other fields in the
central part of the State. This limestone,
where recognized in the oil fields, is called
the Bois d'Arc limestone, one of the forma-
tions of the Hunton group. 42 By 1926 sub-
surface data on the pre-Carboniferous rocks
were sufficiently extensive for the prepara-
tion and publication of a geologic map of
northeastern Oklahoma showing the areal
distribution of the pre-Chattanooga rocks,
including the Hunton. 43 This was appar-
ently the first areal geologic map to be
published that was based almost entirely
on well data. Concerning the oil in the
Hunton Levorsen44 says, "The oil occurs in
solution cavities, small vugs, fissures and
other secondary features in the limestone.
As it is commonly found near the top of
the formation, it is probable that the poros-
ity is in part an effect of the pre-Chatta-
nooga weathering and erosion."
The Misener sand, which occurs in the
basal part of the Chattanooga shale, has
yielded commercial oil in many fields in
Oklahoma. 45 This sand has been described
by Luther White46 as follows:
41 Morgan, G. D., A Siluro-Devonian oil horizon in
southern Oklahoma: Oklahoma Geol. Survey Circular 10,
1922. Geology of the Stonewall quadrangle: Bureau of
Geology, Bull. 2, p. 42, 1924.
42 Levorsen, A. I., Relation of oil and gas pools to un-
conformities in the Mid-Continent region, in Sidney Powers
Memorial Volume, Problems of Petroleum Geology; Am.
Assoc. Petroleum Geologists, pp. 766-767, 1934.
43 White, L. H., Oklahoma's deep horizons correlated:
Oil and Gas Jour., vol. 24, April 1, 1926. Oil and gas in
Oklahoma: subsurface distribution and correlation of the
pre-Chattanooga ("Wilcox" sand) series of northeastern
Oklahoma: Oklahoma Geol. Survey Bull. 40-B, 1926.
44 Levorsen, A. I., Greater Seminole district, Seminole
and Pottawatomie Counties, Oklahoma: Structure of Typi-
cal American Oil Fields : Am. Assoc. Petroleum Geologists,
vol. 2 pp. 329-331, 1929.
45 The Chattanooga shale, as previously stated, is as-
signed a Mississippian age by some geologists; by others
it is assigned to the Devonian.
46 White, L. H., Oklahoma Geol. Survey Bull. 40-B, pp.
21-22, 1926.
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"The close of the Devonian time in Oklahoma
was followed by a long period of erosion which
truncated all of the older formations from the top of
the Hunton, to the south, down to horizons well
below the top of the Arbuckle, to the north. This
period of erosion did not close until the land area
over northeastern Oklahoma was practically base-
leveled. A surprisingly small amount of erosion
debris was left upon this old eroded surface. How-
ever, there were a few sand dunes composed of sand
derived from the Simpson formation. In addition to
a few well developed dunes, a thin veil of wind-
blown sand was scattered over broad areas. The
sand was preserved by the deposition of the Chatta-
nooga shale above it. Where it is exposed in eastern
Oklahoma and Arkansas it is known as the Sylamore
sandstone. By the drillers in the oil country, it is
called the 'Misener' sand
. . . It is extremely
lenticular in extent
. . . Where the 'Misener'
is sufficiently widespread for structure to affect the
accumulation of oil, it produces on domes or anti-
clines. In most cases, however, it produces as a
true lens without reference to structure."
THE DEVONIAN OF WEST-CENTRAL TENNESSEE*
Kendall E. Born
Tennessee Division of Geo/ogy, Nashville, Tennessee
Introduction
WITH THE EXCEPTION of rocks of
probable Hamilton and Onondaga
ages in the Maynardsville and
Morristown quadrangles in the Appalachian
area, Devonian exposures in Tennessee are
restricted to the western flank of the Nash-
ville arch and to the Western Valley of
Tennessee River. Outcrops of Devonian
rocks are known ( 1 ) in the Central basin
where isolated exposures of Middle Devo-
nian strata occur in Sumner, Trousdale,
Macon, Cheatham, and Davidson counties;
(2) in the highly disturbed Wells Creek
basin in southeastern Stewart County
where Oriskanian and Helderbergian rocks
have been described; (3) in single isolated
areas in east-central Dickson and northeast-
ern Wayne counties on the Western High-
land Rim; and (4) in the Western Valley
of Tennessee River from the Steel Bridge
in northeastern Henry County, near the
Kentucky boundary, to the Mississippi and
Alabama state lines. Rocks of Lower De-
vonian age have been described by Morse1
in Tishomingo County in the northeastern
part of Mississippi, and Butts 2 has reported
about 50 feet of Helderbergian limestone in
Lauderdale County in the extreme north-
western part of Alabama.
PURPOSE AND SCOPE
The present report is a resume of the De-
vonian system in: west-central Tennessee.
The writer has done only reconnaissance
work in the Devonian outcrop areas and he
has drawn freely upon the published reports
of Dunbar 3 and Jewell 4 in the Western
*Published with the permission of the State Geologist.
1 Morse, W. C, Paleozoic rocks of Mississippi: Miss-
issippi State Geol. Survey Bull. 23, pp. 19-69, 1930.
2 Butts, Chas., The Paleozoic rocks: Geol. Survey of
Alabama, Spec. Rept. 14, pp. 143-145, 1926.
3 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Tennessee Geol. Survey
Bull. 21, 1919.
4 Jewell, W. B., Geology and mineral resources of Hardin
County, Tennessee: Tennessee Div. Geol. Bull. 3 7, 1931.
Valley region and Peoples' 5 work on the
Middle Devonian in Davidson and Cheat-
ham counties in the Central basin. The
fauna of the Western Valley Devonian and
the Middle Devonian of the Central basin
has been described in detail by Dunbar 6 and
Peoples 7 respectively, and are only briefly
mentioned in the present report.
Subsurface data from sample studies are
presented for the first time with some sug-
gestions as to the possible subsurface dis-
tribution of the Devonian in Tennessee.
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PREVIOUS INVESTIGATIONS
Although Safrord, 8 in 1851, included all
strata below the Chattanooga black shale in
the Western Valley area as a single unit, his
Harpeth or Tennessee River group, he sug-
gested that these beds included rock of both
the Silurian and Devonian systems. Five
years later, Safrord 9 made known for the
first time the presence of Helderbergian
strata in Tennessee and it is interesting to
note that he correctly referred these beds
to the Devonian system, a reference not fol-
lowed in this country until many years later.
In 1869, Safrord10 discussed the Helder-
5 Peoples, J. W., Stratigraphy of the Middle Devonian of
the Tennessee Central Basin: Illinois Acad. Sci. Trans.,
vol. 23, pp. 431-439, 1931.
6 Dunbar, C. O., idem.
7 Peoples, J. W., idem.
8 Safford, J. M., The Silurian basin of middle Tennessee
with notices of the strata surrounding it: Am. Jour. Sci.,
1st. ser., pp. 352-361, 1851.
9 Safford, J. M., A geological reconnaissance of the state
of Tennessee: Nashville, Tenn., pp. 149, 157-158, 1856.
10 Safford, T- M., Geology of Tennessee: Nashville,
Tenn., pp. 322-328, 1869.
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Fig. 28.—Geologic map of the Devonian of the Western Valley of Tennessee River.
The Chattanooga formation, mapped as Devonian in this figure, is now considered as
basal Mississippian by the Tennessee Division of Geology. (From Tennessee Geol.
Survey Bull. 21.)
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bergfan group in the Western Valley in
some detail giving sections and listing a
fauna of 42 species, nine of which were fig-
ured. In this same report he noted the pres-
ence of Helderbergian rocks in the Wells
Creek basin in southeastern Stewart County.
He did not, however, distinguish the heavy
novaculitic cherts (Harriman and Camden)
in the northern part of the Western Valley
from the younger and more widespread
lower Mississippian cherts. The Devonian
age of the Camden chert was demonstrated
in 1899 by Safford and Schuchert.11 In
1876, Safford and Killebrew12 proposed the
name Linden for Helderbergian strata of
the Western Valley.
In 1901, Foerste13 recognized Devonian
rocks in Cheatham County in the Central
basin and he defined and discussed the Mid-
dle Devonian Pegram limestone. This paper
was followed two years later by his most
important contribution on the Tennessee
Devonian in which he described several of
the best Devonian sections of the Western
Valley. The Linden formation was dis-
cussed in some detail and its subdivision
into upper Pyburns and lower Ross units
was proposed.14 In 1914, Wade15 described
the Linden bed and Camden chert in their
most easterly outcrops in Perry County. In
the same year, Drake16 briefly mentioned
the Linden and a single occurrence of the
Pegram limestone in the Waynesboro quad-
rangle.
Field studies in the Western Valley by
Dunbar during the summers of 1916 and
1917 were first published in 1918 in which
formational names were assigned eight De-
vonian units, and their general character
and fauna were discussed. 17 This report
11 Safford, J. M. and Schuchert, Charles, The Camden
chert of Tennessee and its lower Oriskany fauna: Am. Jour.
Sci., 4th ser., vol. 7, pp. 429-432, 1899.
12 Safford, J. M. and Killebrew, J. B., The elementary
geology of Tennessee: Nashville, Tenn., pp. 108, 142, 146-
148, 1876.
13 Foerste, A. F., Silurian and Devonian limestones of
Tennessee and Kentucky: Bull. Geol. Soc. Amer., vol. 12,
PP. 400, 425-426, 1901.
14 Foerste, A. F., Silurian and Devonian limestones of
western Tennessee: Jour. Geol. vol. 11, pp. 554-583, 697-
715, 1903.
15 Wade, Bruce, Geology of Perry County and vicinity:
Tenn. Geol. Survey, Resources, vol. 4, pp. 168-169, 1914.
16 Drake, N. F., Economic geology of the Waynesboro
quadrangle: Tennessee Geol. Survey, Resources, vol. 3, page
105, 1914.
17 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Am. Jour. Sci., 4th ser.,
vol. 46, pp. 732-756, 1918.
was followed a year later by an even more
detailed description and was published as
Bulletin 21 of the State Geological Sur-
vey. 18 This report remains the most com-
plete discussion of Devonian strata in the
Western Valley.
Although the presence of the Middle De-
vonian limestone had been known in the
Harpeth River Valley in southeastern
Cheatham County since 1901, details of its
lithology, fauna, and distribution did not
receive attention until many years later.
During 1928 and 1929, stratigraphic and
paleontologic studies were carried on joint-
ly by E. R. Pohl and J. W. Peoples. In
1930, Pohl19 briefly described the Pegram
limestone of Foerste and suggested its sub-
division into a thin upper formation which
he correlated with the Sellersburg of In-
diana, and a lower unit which he considered
the equivalent in part to the Jeffersonville
limestone in the Falls of the Ohio region.
The following year, Peoples20 discussed
the general lithology and distribution of the
Pegram and presented a detailed list of its
fauna.
Based upon field studies completed in
1927, Jewell 21 described the Lower Devo-
nian strata of Hardin, the most southerly
county in the Western Valley.
Devonian of the Western
Valley
general features
The Devonian system reaches its maxi-
mum development in Tennessee along the
Western Valley of Tennessee River and its
immediate tributaries (fig. 28). Here deep
dissection and sharp folds have exposed and
locally preserved strata ranging in age from
the Hermitage formation of the Ordovician
(Trenton) system to the Osage group of
Lower Mississippian age. The Middle Sil-
urian (Niagaran) and the Lower Devonian
18 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Tennessee Geol. Survey
Bull. 21, 1919.
19 Pohl, E. R., Devonian record in central Tennessee (ab-
stract) : Bull. Geol. Soc. Amer., vol. 41, page 195, 1930.
Pohl, E. R., Devonian formations of the Mississippi
basin: Jour. Tenn. Acad. Sci., vol. 5, pp. 54-63, 1930.
20 Peoples, J. W., op. cit., pp. 431-439.
21 Jewell, W. B., Geology and mineral resources of
Hardin County, Tennessee: Tennessee Div. Geol. Bull. 37,
1931.
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(Helderbergian) are particularly well de-
veloped and include formations which are
not known to crop out elsewhere in the
State. Most of these strata thin out as a
great wedge on the flank of the Nashville
arch.
Although rocks of the Middle Devonian
(Ulsterian) series are represented, the long
sequence of Lower Devonian, including the
typical upper Oriskanian, is of particular
significance and it has become the standard
section for this general region. While not
continuous, Devonian strata are exposed
from the extreme northern part of the Val-
ley, in Stewart and Henry counties, to the
northeastern and northwestern parts of
Tishomingo County, Mississippi, and Laud-
erdale County, Alabama, respectively. The
composite section in Tennessee is slightly
more than 500 feet, but the maximum thick-
ness exposed in any single locality (Olive
Hill) is 175 feet. The section is replete
with unconformities resulting from pre-
Chattanooga erosion and structure (fig.
29).
With the exception of the Harriman and
Decaturville cherts at the top, the Lower
Devonian is essentially limestone (Olive
Hill and Quail) and shaly limestone
(Rockhouse and Birdsong). The older De-
vonian formations are best developed in the
southern part of the area in Hardin County.
The fossiliferous Birdsong formation is well
exposed in Benton County and exposures
are known as far south as Saltillo in north-
ern Hardin County. The Decaturville
chert, although less than 10 feet thick and
locally absent due to intra-formational
erosion, has a north-south extension from
Camden in Benton County to northern
Hardin County. The youngest Oriskanian,
the heavy-bedded Harriman novaculite, is
well exposed in central Decatur County
and remnants are known from northern
Hardin County to near the Kentucky line.
The Middle Devonian is represented by
the fossiliferous Camden chert, which out-
crops over wide areas in central and south-
ern Benton and northern Decatur counties,
and a single exposure of the Pegram lime-
stone in southern Humphreys County.
The surface and subsurface distribution
and thickness of the Western Valley De-
vonian are a result of the geologic structure
of the area. Although the details have not
been completed, the Tennessee River, in its
northward reflex across the State, flows
along and roughly parallel to a regional
structural upwarp which Giles 22 has called
the West-Tennessee arch. This structural
feature is bordered to the west by the Mis-
sissippi embayment, to the northeast by a
regional low in Stewart, Houston, Mont-
gomery, and Robertson counties—the Ten-
nessee lobe of the Illinois basin of Wilson
and Born 23—and to the east and southeast
by the Nashville arch. Local downwarps
along the West-Tennessee arch have pre-
served abnormal thicknesses of Devonian
strata in the Camden syncline in central
Benton County and in the Olive Hill basin
in northeastern Hardin County. In areas of
pronounced anticlinal folding, such as along
Rushing Creek in north-central Benton
County, on the Dunbar anticline in south-
ern Decatur County, and in central Hardin
County, the Devonian is very thin or absent.
The latter upwarp represents an almost due
western swing of the Nashville dome axis.
This relationship is well shown by Dunbar's
generalized structural cross-section (fig.
30).
STRATIGRAPHIC SECTION
The Devonian strata of the Western
Valley of Tennessee are classified as fol-
lows:
Middle Devonian series
Ulsterian group
Pegram limestone
Camden chert
Lower Devonian series
Oriskanian group
Harriman chert
Quail limestone
Helderbergian group
Decaturville chert
Birdsong formation
22 Giles, A. W., Major structural features of the Missis-
sippi Valley: Geol. Soc. Amer., Spec. Rept. No. 24, page
41, 1939.
2:* Wilson, C. W., Jr. and Born, K. E., Structure of
central Tennessee: unpublished manuscript presented at the
25th annual meeting, Amer. Assoc. Petrol. Geologists, 1940.
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Olive Hill formation
Flat Gap limestone member
Bear Branch limestone member
Ross limestone member
Rockhouse shale
ROCKHOUSE SHALE
The Rockhouse shale was named by Dun-
bar 24 for a greenish-gray, calcareous shale
with thin, interbedded gray limestones which
become thicker toward the base of the for-
mation. The type section is at the Rock-
house, a hunters' clubhouse, on Horse Creek,
8 miles southeast of Savannah in Hardin
County. It is underlain by the Decatur
limestone of Middle Silurian age with no
pronounced physical break. The Rock-
house is succeeded conformably by the basal
Ross limestone member of the Olive Hill
formation.
The formation has a limited areal dis-
tribution in the southern part of Hardin
County, and satisfactory exposures are rare.
A maximum known thickness of 26 feet is
exposed in the type section but south of this
locality the formation is below drainage.
At least three other isolated exposures north
of the Rockhouse along Horse Creek have
been reported. 25 The formation has not been
observed in subsurface studies in the West-
ern Valley although Helderbergian strata
are believed to be present in the Westenn
Oil & Gas Company's Wayne Land Com-
pany well No. 1 (19)* in northeastern
Wayne County, in Read and Massey's I. G.
Wilson well No. 1 (12) in north-central
Benton County, and the Mid-Tennessee
Oil Company's A. J. Gray well No. 1(1)
in southwestern Stewart County.
OLIVE HILL FORMATION
The Olive Hill formation was named by
Dunbar 26 for a limestone unit well exposed
in the bluff on Indian Creek just east of
Olive Hill in northeastern Hardin County.
Here the formation reaches its maximum
known thickness of 174 feet. The Olive
24 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Am. Jour. Sci., 4th ser.,
vol. 46, page 736, 1918.
25Jewell, W. B., op tit., page 32.
*Numbers in parentheses refer to well locations in fig. 31.
26 Dunbar, C. O., op. tit., page 738.
Hill is very irregular in its distribution and
it has not been recognized in the outcrop
north of Hardin County. Most of the ex-
posures represent structural preservations,
and the abnormally thick section in the vi-
cinity of Olive Hill is near the axis of the
pronounced Olive Hill basin (fig. 29).
The formation has been subdivided into
three limestone members, which are, from
top to bottom, the Flat Gap, Bear Branch,
and Ross.
Ross limestone member. — In 1903,
Foerste 27 divided the Linden formation of
Safford into two subdivisions: a lower Ca-
marocrinus or Ross limestone, and an upper
or Pyburns limestone. The Ross is an im-
pure, generally dark-gray to bluish-gray,
tough cherty massive to thin-bedded sili-
ceous limestone. At the type section on the
Ross farm near Sulphur Spring in Hardin
County there is very little chert present and
this member is not particularly siliceous in
the road-cut just east of Olive Hill on State
Highway 15. Jewell, 28 however, suggests
that Dunbar has underestimated the amount
of chert in the Ross limestone member.
The Ross is the most widely distributed
member of the Olive Hill formation. In ad-
dition to good exposures at the type section,
the Ross may be seen to good advantage at
Pyburns Bluff along Tennessee River, along
Horse Creek and its tributaries between
Blount School and the mouth of Hollands
Creek, along Indian Creek east of Olive
Hill, and in the Tennessee River bluffs be-
low Grandview and Cerro Gordo. The
thickest section occurs along Horse Creek
near Chalybeate Spring where the Ross
reaches a maximum thickness of 60 feet.
Pyburns-Bear Branch limestone member.
At Olive Hill the Ross limestone mem-
ber is overlain conformably by the Bear
Branch member. Here the Bear Branch
consists essentially of heavy-bedded, light-
gray finely crystalline limestone with a
small amount of oolitic hematite scattered
through the limestone, bringing out a pat-
tern of miniature cross-bedding. This
grades downward into fine-grained thin-bed-
27 Foerste, A. F., Silurian and Devonian limestones of
western Tennessee: Jour. Geol., vol. 11, page 685, 1903.
2 » Jewell, W. B., op. tit. page 33.
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ded impure gray limestone with thin beds
of chert, and the lower 15 feet consists of
coarse-grained limestone with some oolitic
hematite.
At Pyburns Bluff in the southern part of
Hardin County the Ross is overlain con-
formably by approximately 40 feet of thin-
bedded impure cherty limestone with occa-
sional beds of chert from 2 to 10 inches
thick. Foerste29 applied the name Pyburns
to this unit. Dunbar 30 suggested the prob-
ability of the Pyburns representing a local
phase of the Bear Branch limestone mem-
ber at Olive Hill, and Jewell, 31 although
unable to definitely prove the exact equiva-
lency of these two members, strongly sug-
gested that the Pyburns was a local phase
of the Bear Branch.
Flat Gap limestone member.—The upper
unit of the Olive Hill formation is a heavy-
bedded medium- to coarse-grained white to
pinkish limestone. Although well exposed
along Indian Creek and its tributaries at
Olive Hill, the Flat Gap has been recog-
nized at only two other places in the Val-
ley—at Dry Creek School on Dry Creek,
and along a small unnamed branch tribu-
tary to Hardin Creek, about one mile east
of Grandview. Dunbar 32 reported 53 feet
of Flat Gap at Olive Hill.
Although the Olive Hill formation has a
limited areal distribution, strata tentatively
correlated with the Olive Hill have been
recognized in three widely separated wells
in the Valley. In the Mid-Tennessee Oil
Company's A. J. Gray well No. 1 (1)
in western Stewart County, the fine-
grained, brown limestone and gray dense
chert penetrated from 380-415 feet are be-
lieved to represent the Ross limestone mem-
ber of the Olive Hill formation. In this
well the Ross underlies a thick section of
siliceous limestone and novaculitic chert
which probably represents the Harriman.
Some 25 miles to the southwest, in Read
and Massey's I. G. Wilson No. 1 (12), 220
feet of lower Devonian was penetrated.
29 Foerste, A. F., op. cit., page 685.
30 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Tennessee Geol. Survey
Bull. 21, page 50, 1919.
31 Jewell, W. B., Geology and mineral resources of
Hardin County, Tennessee: Tennessee Div. Geol. Bull. 37,
P. 33, 1931.
32 Dunbar, C. O., op. cit., page 45.
The lower 110 feet, a gray fine- to medium-
grained limestone with small amounts of
gray dense chert, is probably Olive Hill.
The easternmost known occurrence of the
Olive Hill is in the Westenn Oil & Gas
Company's Wayne Land Company well
No. 1 (19) in which 100 feet of the for-
mation was penetrated.
BIRDSONG FORMATION
The well-known shaly member of the
Linden group was named Birdsong by
Dunbar 33 from the excellent development
of these strata along the creek of that name
in southern Benton County. Dunbar 34 has
given the following lithologic description:
"The Birdsong formation begins with a few feet
(8-10) of heavy-bedded, rather pure, coarsely
crystalline limestone. Above this it passes into
interbedded bluish shale and thin bands of crystal-
line limestone and then into softer, calcareous, blue
shale, constituting the upper half to three-fourths
of the formation. Harder calcareous laminae and
thin bands or lentils of limestone occur throughout
the shale. When fresh the latter is partly indur-
ated by its large percentage of calcium carbonate,
but it weathers into bluish clay and a rubble of
small limy fragments forming barren hillsides slopes
or "glades" . . ."
The Birdsong is richly fossiliferous. On
the basis of its fauna the formation has been
subdivided into a lower (35 or 40 feet)
brachiopod zone overlain by some 6 feet of
shale with abundant bryozoans, and an
upper trilobite zone. The ostracode fauna
has been described by Wilson. 35
The Birdsong is well developed north
of Perryville, particularly in northern De-
catur and southern Benton counties, and
exposures are known as far south as Sal-
tillo in northern Hardin County. The for-
mation on the outcrop varies from less than
10 to about 65 feet.
In Read and Massey's I. G. Wilson well
No. 1 (12) the Camden is underlain by
110 feet of medium- to coarse-grained
greenish-gray shaly limestone which is re-
ferred to the Birdsong. It is apparently ab-
33 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Am. Jour. Sci., 4th ser.,
vol. 46, page 741, 1918.
34 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Tennessee Geol. Survey
Bull. 21, page 55, 1919.
35 Wilson, C. W., Jr., The ostracode fauna of the Bird-
song shale, Helderberg, of western Tennessee: Jour. Paleon-
tology, vol. 9, ppl 627-646, 1935.
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sent in the Mid-Tennessee Oil Company's
A. J. Gray well No. 1 (1) in which the
Harriman ( ?) rests directly on the Ross
limestone member of the Olive Hill for-
mation. The presence of the Birdsong in
the Wells Creek Basin suggests the prob-
ability that the formation may be encount-
ered in wells in Houston and Stewart
counties.
DECATURVILLE CHERT
The name Decaturville was applied by
Dunbar 36 to a thin yellowish and gray
chert exposed in the vicinity of Decaturville
in central Decatur County. Here the upper
part is a porous and very fossiliferous chert,
generally less than 18 inches thick, which is
underlain by a variable thickness—less than
5 feet—of light-gray thinner bedded chert.
The chert is extremely fossiliferous and
the fauna is unique in the Tennessee De-
vonian in the unusual size of many species.
Brachiopods predominate but trilobites and
bryozoa are common. 37
The Decaturville is known to occur local-
ly from a point 4.5 miles north of Holladay
in southern Benton County to Walnut
Grove at the Alabama line, a remarkable
distance for so thin a formation. The maxi-
mum observed thickness is about 6 feet.
Subsurface workers have not recognized it.
QUALL LIMESTONE
Dunbar 38 proposed the name Quail for
some 10 feet of very siliceous gray fine-
grained heavy-bedded limestone on the Jim
Quail farm, half a mile east of Walnut
Grove in the extreme southern part of
Hardin County. The formation weathers
to a porous mass of chert with abundant
fossils.
Only three outcrops of the Quail are
definitely known in the Valley. Two of
these occur within 200 yards of each other
in the type area in southern Hardin County
and the third exposure is at the Linden
Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Am. Jour. Sci., 4th ser.,
vol. 4 6, page 744, 1918.
•')7 Dunbar, C. 0., op. cit., pp. 745-746.38 Dunbar, C. O., op. cit., page 746.
town spring where the formation is a dark-
gray impure cherty limestone 31 inches
thick. 39
Both the present writer and Jewell40
failed to find the 4 feet of Quail reported
at Grandview in northern Hardin County
by Dunbar. 41 The contacts of the Quail
limestone with the overlying Harriman and
underlying Decaturville cherts have not
been observed but they are probably uncon-
formable.
HARRIMAN NOVACULITE
The Harriman novaculite was named by
Dunbar 42 for exposures on Harriman
Creek, a small tributary which joins Beech
River about 2 J/2 miles west of Perryville
in east-central Decatur County. As pointed
out by Jewell, 43 the term novaculite is mis-
leading since microscopic examination fails
to indicate that the rock is completely crys-
talline, although the name "novaculitic
chert" may well describe it. The Harriman
is nearly white where fresh, but weathering
produces shades of buff and yellow. It is
almost invariably fractured into small sharp
fragments. Where fracturing and weather-
ing have not obliterated the bedding, the
chert occurs in layers from about one inch
to more than a foot thick. Fossils are not
common except locally and where found
they are casts and molds, some of which dis-
play minute details of surface and interior
structures. The lithology of the Harriman
so closely resembles the overlying Camden
that the two may be differentiated satisfac-
torily only on the basis of their faunas al-
though in fresh exposures the Harriman
chert is often lighter in color, less fossilifer-
ous, and heavier bedded than the Camden.
Although not continuous, the Harriman
chert extends from Henry County to Grand-
view and Saltillo in northern Hardin
County, a distance of more than 75 miles.
It is particularly well developed east of
Parsons in Decatur County where it forms
39 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Tennessee Geol. Survey
Bull. 21, pp. 69-70, 1919.
40 Jewell, W. B., op. cit., page 36.
41 Dunbar, C. O., op. cit., pp. 116-117.
42 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Am. Jour. Sci., 4th ser.,
vol. 46, page 747, 1918.
43 Jewell, W. B., op. cit., page 37.
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the well known "chert hills." The forma-
tion is absent in the southern part of De-
catur County although it reappears at
Grandview Landing in northern Hardin
County where it is represented by about 40
feet of thin-bedded yellowish and gray brit-
tle chert. The Devonian cherts in the Wells
Creek basin are believed to be of Harriman
age.
The contact of the Harriman with the
overlying Camden chert has not been ob-
served on the outcrop, but the rapid varia-
tions in thickness of the Harriman show
the unconformable relations. The forma-
tion rests upon beds ranging in age from
mid-Silurian limestone to the Quail forma-
tion of the Oriskany group.
Little information is available on the sub-
surface distribution of the Harriman. Prob-
ably the lower part of the 275-foot chert
section penetrated in the City of Camden
water well (16) is Harriman. It may be
represented by the gray, vitreous chert
from 340 to 355 feet in the Mid-Tennessee
Oil Company's A. J. Gray well No. 1 in
western Stewart County, although no satis-
factory criteria have been found to distin-
guish the Harriman from the Camden in
the subsurface.
CAMDEN CHERT
The Camden chert was named by Safford
and Schuchert44 for the town of that name
in Benton County where it is typically de-
veloped and widely exposed. The forma-
tion is a dead-white to buff and yellow flinty
hard brittle novaculitic chert which occurs
in thin layers generally 1 to 3 inches thick,
rarely as much as a foot. The layers are
often separated by soft gritty clay along the
bedding planes and locally the chert is
slightly calcareous. The chert is invariably
fractured so that exposures consist of a
mosaic of irregular blocks which quickly
break down to form rubble slopes. With
two exceptions, this lithology characterizes
the formation in all exposures. At the
Whirl on Buffalo River, in southern Hum-
phreys County, 3 1-3 miles north-northeast
of Bakerville, the Camden presents an un-
usual aspect. Here it consists of about 45
44 Safford, J. M. and Schuchert, Charles, op. lit., page
429.
feet of massive hard bluish-gray compact
limestone with bands of yellowish chert less
than an inch to about 10 inches thick. Dun-
bar45 considered these strata to represent
younger beds of the Camden than those
exposed west of Tennessee River and sug-
gested that they may be transitional be-
tween the true Camden and the overlying
Pegram limestone. Limestone beds with in-
terbedded chert have also been recognized
immediately below the Chattanooga shale
on the Standing Rock anticline in southwest-
ern Stewart County.
In the vicinity of Camden the formation
is more than 160 feet thick. The City of
Camden deep water well (16) penetrated
275 feet of chert before reaching the Helder-
bergian group. While this thickness un-
doubtedly includes the Harriman chert, the
Camden may be 200 feet thick in the type
region. At least 249 feet of Camden is
present in the Mid-Tennessee Oil Com-
pany's A. J. Gray well No. 1 ( 1 ) in south-
western Stewart County.
Outcrops of the Camden are known from
northeastern Henry to northern Decatur
counties, but the formation has not been
recognized as far south as Parsons. It is
generally absent east of Tennessee River.
The chert referred to the Camden by
Wade46 in Perry County has been shown
by Dunbar to be Harriman.
The Camden has been recognized in two
wells in the Western Valley: in Read and
Massey's I. G. Wilson well No. 1 (12)
and in the Mid-Tennessee Oil Company's
A. J. Gray well No. 1 (1). In the No. 1
Wilson, which started in the Camden, the
formation is essentially chert. In the No. 1
Gray, however, the Camden consists of
white novaculitic chert with a considerable
amount of gray and tan medium-grained
limestone and some sucrose dolomite.
PEGRAM LIMESTONE
Foerste47 recognized 3 feet of Pegram
limestone in a single outcrop at the Whirl
on Buffalo River 3 1-3 miles north-north-
45 Dunbar, C. O., Stratigraphy and correlation of the
Devonian of western Tennessee: Tennessee Geol. Survey
Bull. 21, pp. 80-81, 1919.
46 Wade, Bruce, Geology of Perry County and vicinity:
Tenn. Geol. Survey, Resources, vol. 4, p. 168, 1914.
47 Foerste, A. F., Silurian and Devonian limestones of
western Tennessee: Jour. Geol., vol. 11, page 688, 1903.
150 DEVONIAN STRATIGRAPHY
Fig. 32.—Subsurface distribution of the Devonian in north-central Tennessee.
east of Bakerville, where it is a light-gray
fine-grained limestone which becomes darker
and more sandy toward the top. The fauna
consists of many Onondaga corals, includ-
ing species of Heliophyllum, Blothro-
phyllum, Cystiphyllum, and Cathophyllum.
This exposure is the only one discovered to
date which presents both the Camden chert
and the Pegram limestone. The formation
has not been recognized in wells drilled in
the Western Valley.
Devonian on the Western
Highland Rim
Light-gray generally pure fine- to coarse-
grained limestones of Middle Devonian age
(Pegram limestone of Foerste) have been
noted in two widely separated areas on the
Western Highland Rim (fig. 34). The
northernmost of these occurs at the center
of the Brown dome in northeastern Dickson
County, where erosion of a sharp upwarp
has exposed 4 feet of light-gray coarse-
grained limestone which carries the charac-
teristic coral fauna of the Pegram. The
upper few inches are darker gray and silty.
In a small area on Mill Creek, in the
northeastern part of Wayne County, two
exposures of gray pebbly coarse-grained
limestone have been observed and have been
correlated by Drake48 with the Pegram
limestone of central Tennessee. The for-
mation, however, is absent in the Westenn
Oil & Gas Company's Wayne Land Com-
pany well No. 1 (19), 10 miles southeast
of the outcrops on Mill Creek.
Subsurface studies show a generally thin,
but widespread development of the Pegram
in the northern part of the western High-
land Rim (fig. 32). Although probably
the Sellersburg and Jeffersonville equiva-
lents, recognized on the outcrop in the
Central Basin, are present, incomplete data
do not permit subdivision of the Pegram
in samples. The presence of the Pegram
beneath the Chattanooga shale in this area
is related to the pronounced structural low
in Stewart, Montgomery, Robertson, Hous-
ton, and Humphreys counties.49
Subsurface studies indicate that the Peg-
ram is usually a white and gray fine- to
coarse-grained pure limestone with minor
amounts of gray silt and gray shale. Minor
constituents include selenite, calcite, pyrite,
48 Drake, N. F., Economic Geology of the Waynesboro
quadrangle: Tennessee Geol. Survey, Resources, vol. 3, p.
IDS, 1914.
49 Wilson, C. W., Jr. and Born, K. E., Structure of
central Tennessee: unpublished manuscript presented at the
25th annual meeting, Amer. Assoc. Petrol. Geologists, 1940.
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and glauconite; the latter two are almost
invariably restricted to the upper few feet
of the formation. Iron stains, probably
from the overlying Chattanooga shale, are
common. Insoluble residues consist of soft
gray shale and silt with some glauconite
and pyrite. In Ellis and Young's J. H.
Unseld well No. 1 (10), in central
Cheatham County, the upper 5 feet of the
formation is a finely sucrose gray dolomite,
and in J. B. Weems et al., Guy Oakley
well No. 1 (11), in Dickson County, the
entire Pegram section is a dark-gray silty
limestone. The maximum known subsur-
face thickness of 26 feet was in Ellis and
Young's J. H. Unseld well No. 1 (10).
Throughout most of the area, however, the
Pegram is less than 15 feet thick.
Devonian of the Wells Creek
Basin
In 1869 Safford50 reported Helderber-
gian strata in the highly disturbed Wells
Creek basin in southeastern Stewart Coun-
ty (fig. 31). The scarcity of good exposures
is due to the thinness of the formation and
its outcrop position along the slope of the
rim which surrounds the strongly deformed
central area of the basin.
Birdsong formation.—Along the Louis-
ville & Nashville Railroad, just south of
Dolomite Crossing and approximately 2]/i
miles south-southwest of Cumberland City,
Silurian (Niagaran) limestones are suc-
ceeded by a light-gray to nearly white,
coarse-grained limestone which carries such
characteristic Birdsong species as Atrypina
imbricata, Camarotaechia bialveata, Lep-
taena rhomboidalis, Leptostrophia becki, and
Meristella atoka. Here the upper beds of
the unit become more argillaceous and thin
beds of fossiliferous calcareous shale are
common. The argillaceous limestone is
quite fossiliferous, bryozoans being particu-
larly abundant.
Along the south bank of Cumberland
River, about one mile west of Cumberland
City, some 10 feet of thin-bedded, some-
what cherty limestone has been correlated
50 Safford, J. M., Geology of Tennessee: Nashville,
Tenn., page 323, insert geologic map, 1869.
by Dunbar51 with the Birdsong formation
on the basis of its fauna. The heavy-bed-
ded limestone, which usually forms the base
of the Birdsong in the Western Valley, has
not been recognized in the Wells Creek
basin, and an eastern overlap of the upper
part of the formation has been suggested. 52
Neither the top nor the bottom of the Bird-
song has been observed in the basin. A
minimum thickness is 15 feet; a maximum
could be more than twice this figure.
Harriman chert.—In the south bank of
Cumberland River about one mile south-
west of Cumberland City, Dunbar53 re-
ported a buff-colored novaculite, which he
provisionally referred to the Harriman on
the basis of a single valve of Spirifer mur-
chisoni (?). Although the writer has not
seen this unit due to high water of the
Cumberland River, this same lithology may
be seen in the first cut along the Louisville
& Nashville Railroad, just west of Cumber-
land City, where more than 20 feet of
light-gray to yellowish highly fractured
novaculitic chert is exposed. Like the un-
derlying Birdsong, an accurate thickness of
the Harriman cannot be determined, but it
is undoubtedly more than 20 feet.
In the City of Erin water well No. 2,
the Chattanooga shale rests directly upon
a white medium-grained siliceous limestone
with some white interbedded novaculitic
chert. Insoluble residues show chert of the
Camden-Harriman type. These beds have
been correlated with the Harriman solely
upon the Harriman outcrops in the Wells
Creek basin, 5^ miles north-northeast of
Erin. It is interesting to note that in this
well less than 20 per cent of the Harriman
is chert in the original samples.
Devonian of the Central
Basin
Although Foerste54 was the first to recog-
nize a Middle Devonian limestone in the
Harpeth River valley in southeastern
Cheatham County, details of these strata
51 Dunbar, C. O., op. cit., page 58.
52 Dunbar, C. O., Idem., page 58.
53 Dunbar, C. O., op. cit., page 74.
54 Foerste, A. F., Silurian and Devonian limestones of
Tennessee and Kentucky: Bull. Geol. Soc. Amer., vol. 12,
pp. 400, 425-426, 1901.
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were not known until many years later.
In 1928 and 1929 Pohl 55 and Peoples56
extended the known occurrence of Foerste's
Pegram limestone and suggested its sub-
division into a thin upper formation, corre-
lated with the Sellersburg of Indiana, and
a lower unit, considered to be the equiva-
lent of some part of the Jeffersonville lime-
stone in the Falls of the Ohio region.
Cooper and Warthin 563 have recently sug-
gested that the lower part of the Pegram,
assigned to the Jeffersonville by Pohl and
Peoples, may also be of Hamilton age.
Born 57 has observed the typical Pegram
as far west as eastern Dickson County.
Pohl 58 found an excellent development of
the Middle Devonian, especially the sand-
stone member of the Jeffersonville, in north-
western Trousdale County, and during the
past summer Wilson 59 mapped the Pegram
in eastern Sumner, northwestern Trous-
dale, and southwestern Macon counties, in
the northwestern part of the Central basin,
for the Tennessee Division of Geology.
In southwestern Davidson and southeast-
ern Cheatham counties, a pronounced
regional low has preserved the Pegram in
several localities (fig. 31). In this general
area Peoples60 has recognized Sellersburg
and Jeffersonville equivalents in the Pe-
gram. In at least two localities the upper
few inches of the Sellersburg is a gray fos-
siliferous pyritic shale from which Peoples
identified 32 forms, 21 of which had been
reported in the Sellersburg in the Falls
of the Ohio region. Eleven of these species
have not been reported below the Sellers-
burg. This fossiliferous shale is underlain
by a massive gray crystalline limestone
which is often distinctly arenaceous in the
upper part; the lower part is generally
more crystalline. This unit reaches a maxi-
5
-5 Pohl, E. R., op. cit., page 195.
se Peoples, J. W., op. cit., pp. 431-439.
Peoples, J. W., Stratigraphy of the Middle Devonian of
the Tennessee Central Basin: Vanderbilt University Master's
ill' i unpublii hed manu: ci ipl
.
56a Cooper, G. Arthur and Warthin, A. S., New Devo-
nian (Hamilton) correlations: Bull. Geol. Soc. Amer., vol.
S3j_ p. 884, 1942.
'"Born, K. E., Geology and mineral resources of Dick-
son County: Tennessee Div. Gcol., unpublished manuscript.
58 Oral communication. Also see Piper, A. M., Ground
w;iici in north central Tennessee: U. S. Geol. Survey Water
Supply Papei 640, pp. 42 4i, 1932.
&w Wilson, (.'. W., Jr., oral communication, 1940.
,;
" Peoples, J. W., Idem.
mum thickness of about 4 feet, but it is
generally thinner.
In the Harpeth River valley the top of
the Jefiersonville is marked by a sandstone
in many places. This sandstone is light-
brown, iron-stained, loosely cemented, and
saccharoidal. Its thickness varies consider-
ably, but it is usually less than 5 feet.
Where present this sandstone is underlain
by a massive pure generally coarse-grained
and crinoidal limestone which reaches a
thickness of more than 14 feet near the
eastern edge of the outcrop area. From
this unit Peoples61 identified 49 species, 39
of which had been reported from the Jeffer-
sonville limestone of Indiana and Kentucky.
The only other development of the
Middle Devonian known in the Central
basin is in the northwestern part near
the junction of Trousdale, Sumner, and
Macon counties. Here Pohl 61 has shown
a limestone of upper Pegram age (Sellers-
burg) which is underlain by the well de-
veloped sandstone member of the Jeffer-
sonville formation which reaches a thick-
ness of 35 feet. A section measured by the
writer about one mile southeast of Valen-
tine's Store in northwestern Trousdale
County shows the general lithologic char-
acter of the Middle Devonian in this gen-
eral area:
Thick-
ness
Ft. In.
Mississippian system
Lower Mississippian series
Chattanoogan group
Chattanooga shale
Shale, black, fissile, carbonaceous. 12 2
Devonian system
Middle Devonian series
Ulsterian group
Pegram limestone (Sellersburg?)
Limestone, white to light-gray,
dense to subcrystalline, with
many corals, both solitary and
colonial, and crinoid stems. ... 4 3
Pegram formation (Jeffersonville?)
Sandstone, white to tan and
brown, sugary, loosely cement-
ed 10 6
Silurian system
Middle Silurian series
Niagaran group
Louisville limestone
Limestone, light-gray to pinkish,
massive, dolomitic 354"
61 See Piper, A. M., op. cit., pp. 42-43.
OF WEST-CENTRAL TENNESSEE 153
Wilson62 reports that the occurrences of
the Middle Devonian in the northwestern
part of the Central basin are largely struc-
tural.
The subsurface distribution of the Mid-
dle Devonian Pegram beneath the northern
part of the western Highland Rim has been
discussed on pages 150-151.
Subsurface Distribution of
the Devonian
The lack of satisfactory well samples,
together with the distance from the out-
crop are factors contributing to our present
indefinite knowledge of the subsurface dis-
tribution of the Devonian system in Ten-
nessee. Only broad generalizations may be
made as to the subsurface distribution of
these rocks between the Western Valley
of Tennessee River and the isolated ex-
posures of the Middle Devonian on the
Western Highland Rim and along the
northwestern edge of the Central basin.
The presence of the Pegram in the struc-
tural low on the northwestern flank of the
Nashville arch has been discussed (fig. 32).
Subsurface studies indicate a rapid thin-
ning of the Western Valley Devonian on
the northwest and west flanks of the Nash-
ville arch. It appears probable that the
widespread Camden chert extends farthest
to the east, although the easternmost oc-
currence of the Western Valley facies is
in the Wells Creek basin where Helder-
bergian and Oriskanian strata have been
recognized (see p. 151). From southern
Dickson County to the Westenn Oil &
Gas Company's Wayne Land Company
well No. 1 (19), in northeastern Wayne
County, no Devonian strata have been
recognized in sample studies.
Although Lower Devonian rocks are
well developed in the southern part of the
Western Valley on the outcrop, two recent-
ly drilled wells in Tishomingo County,
Mississippi, and Colbert County Alabama,
some 15 and 25 miles, respectively south
of the Tennessee line, have found Silurian
beds immediately beneath the Chattanooga
shale. Both of these tests were located on
62 Wilson, C. W., Jr., oral communication.
pronounced upwarps and since the preser-
vation of the Devonian outcrops in the
Western Valley is largely structural, strata
of this system may be found in wells drilled
in structural sags in northwestern Alabama
and northeastern Mississippi.
Dunbar, 63 suggested that the Devonian
strata of the Western Valley may thicken
into the Mississippi embayment. This sug-
gestion was based upon surface observations.
While the lack of subsurface data immedi-
ately west of the outcrop does not permit a
definite conclusion as to the westward ex-
tension of the Devonian, no sections which
may be correlated with the Devonian have
been found in wells drilled to date in the
Mississippi embayment area in Tennessee.
It is significant that a test well drilled in
western Chester County, less than 40 miles
west of Devonian exposures in northern
Hardin County, found rocks of Lower
Ordovician age beneath the Upper Cre-
taceous.
Meager well records to the north in Ken-
tucky suggest a rapid thickening of the
Devonian. Sample studies of the Ada Belle
Oil Company's Hillman well No. 2-A, in
Trigg County, Kentucky, about 20 miles
north of the Tennessee line, indicate more
than 1200 feet of Devonian.
Tentative Correlation of the Ten-
nessee and Southwestern Illinois-
Southeastern Missouri
Devonian
Several tentative correlations have been
suggested for the Devonian of southwestern
Illinois and southeastern Missouri with the
west-central Tennessee section. The Rock-
house shale and probably the lower part
of the Olive Hill formation are apparent-
ly missing in the Illinois-Missouri section.
Pohl64 has correlated the Bailey limestone
with the upper part of the Flat Gap mem-
ber of the Olive Hill formation and the
Birdsong formation. While no mention
was made of the Flat Gap, essentially this
same correlation was suggested by Stuart
63 Dunbar, C. O., op. cit., page 26.
64 Pohl, E. R., Devonian formations of the Mississippi
basin: Jour. Tennessee Acad. Sci., vol. 5, page 56, 1930.
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Weller. 65 Bassett66 considered the lower
part of the Backbone limestone of Illinois
(Little Saline of Missouri) to be approxi-
mately the equivalent of the Harriman
novaculite and the underlying Quail of the
Western Valley. Essentially this same cor-
relation was suggested by Savage. 67
The direct correlation of the Camden
chert with the Clear Creek chert of south-
western Illinois has been made for many
years and no data have been assembled to
date to disprove this correlation, although
Savage68 considered the Camden to be rep-
65 Weller, Stuart, and St. Clair, Stuart, Geology of Ste.
Genevieve county, Missouri: Missouri Bur. Geol. and
Mines, 2nd ser., vol. 22, page 13 5, 1928.
66 Bassett, C. F., The Devonian strata of the Alto Pass
quadrangle: Illinois Acad. Sci. Trans., vol. 18, page 362,
1925.
resented in the upper two-thirds of the
Clear Creek. A survey of the literature
indicates that there has been considerable
doubt as to the position of Foerste's Pegram
limestone with regard to Middle Devonian
strata in Illinois and Missouri. Both Sav-
age69 and Bassett70 have correlated the
Pegram directly with the Dutch Creek
sandstone of the Illinois section. On the
other hand Pohl 71 and Peoples72 have con-
sidered the Jeffersonville portion of the
Pegram to represent at least a part of the
Grand Tower limestone.
67 Savage, T. E., The Devonian formation of Illinoi
Amer. Jour. Sci., 4th ser., vol. 49, page 170, 1920.
68 Savage, T. E., op. cit., page 170.
69 Savage, T. E., op. cit., page 171.
70 Bassett, C. F., op. cit., page 362.
71 Pohl, E. R., op. cit., page 56.
72 Peoples, J. W., op. cit.
DEVONIAN SUBSURFACE STRATIGRAPHY IN
WESTERN KENTUCKY*
Louise Barton Freeman
Assistant Geologist, Kentucky Geological Survey
The outcrop of the Devonian, as
shown on the Kentucky geologic map,
is narrow but continuous around the
Lexington dome of the Cincinnati arch
on the east, south, and west sides. How-
ever, this pattern includes the Chattanooga
shale which may or may not be Devonian
in age. The black shale overlaps Silurian
and upper Ordovician, down to the Arn-
heim. The exposures of the Devonian lime-
stone, however, are far from continuous,
and on the west side of the arch at least,
where most of the work on subsurface
stratigraphy has been done thus far, the
limestone probably represents pre-Chatta-
nooga outliers of the Hamilton, which in
turn overlaps from Onondaga onto Silurian
and upper Ordovician.
In order to discuss the Devonian forma-
tions of western Kentucky in their proper
order it is necessary to start with studies
made from well samples, since the oldest
strata do not crop out anywhere in the
State. The study of cuttings from some
forty wells drilled into or through the De-
vonian has served to confirm the zoning
system which was adopted in the beginning
of this work to facilitate correlations, 1 and
also has indicated probable equivalents of
the Devonian strata cropping out in neigh-
boring areas.
The zoning of the formations below the
Chattanooga shale was based on certain
distinct microlithologic differences and the
characteristics of the insoluble residues.
For utilitarian reasons the numbering sys-
tem adopted is the reverse of the usual
geologic procedure of starting with the
oldest formation. It was planned to add
zones for the Silurian and Ordovician as
* This article is largely abstracted from "Devonian Sub-
surface Strata in Western Kentucky," Bull. Am. Assoc.
Petroleum Geologists, vol. 25, pp. 668-712, 1941.
_
1 Freeman, Louise Barton, A sample study of the Devo-
nian in western Kentucky: State Dept. of Mines and Min-
erals, Series VIII, Bull. IV, 1939.
information on these deeper strata became
available.
Zones V, VI, and VII are Silurian,
V being the coarsely crystalline white to
buff limestone of the Tennessee Decatur,
VI the upper Brownsport Lobelsville or
Louisville, and VII the undifferentiated
beds older than Louisville. It will be noted
that the Decatur pinches out before reach-
ing the surface; in fact, it disappears be-
tween the Holder well in Hancock County
and the Murray in Breckinridge, and
between the Smiley and Howard wells
in Breckinridge County. This is believed
to be the first evidence of the deposition of
Silurian younger than Louisville in Ken-
tucky. Zone VII, the Louisville limestone,
is stripped before reaching central Larue
County, although a little is present in the
southern part of the county and in adjoin-
ing Hart County. It is well developed at
the outcrop in Jefferson County and in a
number of isolated localities to the south
into Tennessee.
The Devonian formations encountered
in the deeper portion of the Kentucky basin
can be readily traced into the Illinois sec-
tion.
Zone IV, the oldest Devonian, should be
subdivided, but as only a few wells have
penetrated the entire zone in the Kentucky
basin it seems unwise to do so at this time.
These cherty dolomitic limestones probably
contain the Helderberg, Oriskany, and
lower Onondaga or Clear Creek equiva-
lents. Most of the westward thickening
within the Devonian section seems to have
taken place in this cherty limestone. For
instance, between the Paradise well in
Muhlenberg County and the Hillman well
in Trigg County, in both of which the
upper and lower limits of the formation
are present, there is a difference of 400
feet in the thickness of these formations.
[155]
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Fig. 33.—Map showing the area included in this
study and its relation to areas of Devonian outcrop.
Lithologically the strata of Zone IV re-
semble somewhat those of Zone II. The
lower strata are, however, considerably
more dolomitic and usually contain two or
more horizons rich in glauconite. The chert
in the upper portion, which is mottled gray-
ish-tan and in some places dolocastic, may
make up forty per cent of the sample.
There is a limestone interval about the
middle of Zone IV, which is less dolomitic
and less cherty than the strata above and
below, and which can be recognized in
nearly every well that has been drilled
deeply enough to encounter it. This lime-
stone is white and coarsely crystalline, and
the chert is white, chalky, and dolocastic.
The percentage of chert and dolomite again
increases in the lower portion of the zone.
The lower chert is mainly brown with
white inclusions, some of which are un-
doubtedly sponge spicules, and others sug-
gest radiolarian remains. In some cases the
chert is translucent white with dull white
markings. Cherts of this description have
been recognized in the deeper wells in the
main part of the basin and in a band sur-
rounding this area from which the upper
zones have been stripped away.
The contact with the arenaceous Zone
III above is sharply delineated, and the
change from cherty dolomitic limestone of
the Devonian to the unmistakable Silurian
limestone below is easily recognized.
Zone 1 1 1 was only given zonal distinc-
tion because of its usefulness as a horizon
marker where it occurs in the deeper portion
of the basin. It might more properly belong
to the base of Zone II. It is a dolomitic
sandstone and can be traced to the Illinois
Dutch Creek sandstone, and perhaps is
equivalent to the Pendleton of Indiana.
This sand is present in all the wells studied
in the basin proper and a suggestion of it
appears directly under the shale as far west
as the Hillman No. 2 well in Trigg Coun-
ty. It is generally thin, reaching its maxi-
mum known thickness of about 50 feet in
wells in McLean and Hopkins counties.
It is marked at the top by a sharp change
from the cherty limestone of Zone II to a
white pure coarsely crystalline limestone
which grades downward into the sandstone.
In the southernmost wells the proportion
of sand to calcareous material does not ex-
ceed twenty-five per cent. The sand grains
are poorly sorted as to grade size, but they
are all well rounded and frosted. The per-
centage of silica and the grade size decrease
near the base and the top. In other words,
the most uniformly coarse sand is found
near the middle of the deposit. Wells in
Henderson County, just south of the Ohio
River, have thinner sections of sandstone,
but the grains are coarser and show some
polishing in addition to the rounding and
frosting. The western trend of this sandy
horizon cannot be outlined accurately at
this time as there is no information available
concerning the strata in the area between
the wells in Hopkins and Muhlenberg
counties near the center of the basin, and
those of Trigg and Livingston counties high
on the western flank of the syncline, where
there is little or no sand. However, a recent
well drilled in Ballard County in the Em-
bayment area encountered the sand again.
Zone II is a cherty dolomitic limestone
very similar to IV and distinguishable from
it mainly by the characteristics of the chert,
that in the upper zone being usually mottled
grayish-tan, with dark brown chert having
amber-like lustre and dark organic in-
clusions at the base, in contrast to the spic-
ular brown chert of Zone IV. This upper
limestone is correlated with the Grand
Tower of the Illinois section and the Jeffer-
sonville of Indiana and northern Kentucky.
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Its distribution is restricted to the deepest
portion of the basin with a connection into
Illinois and Indiana to the north, and east
into Jefferson County, Kentucky. This is
the coral limestone of the Falls-of-the-Ohio
section. Where it crops out it rests on the
Louisville limestone of Niagaran age and
the only evidence of a non-conformable con-
tact on the surface is in the great faunal
break, although the subsurface studies show
the insertion of the Decatur limestone to
the west.
Between this and the overlying Hamil-
ton is what Foerste2 called the Kiddville
layer. This remarkable horizon, never more
than a few inches thick, is, nevertheless,
so distinct in its characteristics that it can
be recognized in Kentucky almost every-
where the Devonian limestone crops out.
The Kiddville is an argillaceous or sandy
limestone with numerous black phosphatic
nodules and fish remains. In many cases
it is difficult to recognize it until the rock
specimen is examined under the microscope.
Foerste and others have identified it in many
localities in south-central and eastern Ken-
tucky where it is said always to occur in
the base of the Devonian. No reference
was found in the literature to such a forma-
tion on the western side of the arch. How-
ever, during the progress of the field work
relating to this study the Kiddville fish
layer was noted at almost every exposure
of Devonian limestone as far north as
Louisville in Kentucky, and to Muscatatuck
State Park in Indiana. This horizon is
distinctive and widespread enough to make
a splendid horizon marker for surface work.
The phosphatic material composing the fish
remains is very soft and easily destroyed
in drilling, but it has been found in shallow
wells in Hart and Hardin counties, not far
from the outcrop.
Zone I is Hamilton argillaceous fossil-
iferous limestone which becomes less shaly
to the east. The Hamilton, or at least the
Beechwood member of it, appears to be
more extensive in its distribution in Ken-
tucky than any of the other Devonian for-
mations. The Silver Creek cement lime
2 Foerste, A. F., The Silurian, Devonian and Irvine for-
mations of east-central Kentucky: Ky. Geol. Survey Bull.
7, pp. 92, 93, 1906.
extends as far south from Indiana as Jeffer-
son County. The Beechwood can be identi-
fied in outliers almost completely around
the Bluegrass where it is recognized by its
crinoidal character and the presence of diag-
nostic Dolatocrinus plates. It is suggested
that the Beechwood is preserved as outliers
capping low pre-Chattanooga hills. The
evidence for this is its irregular thickness
over short distances and the fact that it can
in places be traced out down dip. This is
well illustrated along a new east-west road
through Marion County where every hill
for a distance of several miles has a cut
through the base of the shale and the lime-
stone below. In the easternmost of these
cuts there is about eighteen inches of Beech-
wood between the black shale and the Ordo-
vician limestones and shales below, while
on the other side of the divide, less than a
half mile away, there is about three feet
of the limestone. Continuing to the west,
the next divide has five feet of Beechwood
and the next nearly fifteen feet, the next
beyond that only two feet again, and finally,
at a point about five miles from the first
locality, the black shale rests directly on the
Ordovician Waynesville with its abundance
of Columnaria colonies. In wells drilled a
little farther down dip in Larue, Hardin
and Hart counties, some of them show a
foot or so of Beechwood, and others show
the black shale resting directly on Louis-
ville or Laurel limestone of Silurian age.
The paleostratigraphic map (fig. 37) in-
dicates approximate areas where partial or
complete zonal sections are represented be-
neath the Chattanooga. In the deepest por-
tion of the basin all zones of the Devonian
and subjacent Silurian are present. This
line can now be extended south of the recent
well in Ballard County which also has an
almost complete section. In a semicircular
area around the center, opening to the
north, Zone IV rests on a complete Silurian
zonal section, and most of the upper three
zones have been stripped away. There may
be a few feet of Hamilton present in these
wells. Note the suggestion of a pre-Chat-
tanooga high on the west side of the basin.
To the east there is a narrow strip where
the lowest zone of the Devonian rests on
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Fig. 34.—Composite correlation diagram showing relation of Devonian and subjacent Silurian formations
in Western Kentucky.
Key to Figs. 34 and 35
1. Mike Smith No. 1, V/2 miles south of Glendale, Hardin County.
2. Len Smiley No. 1, 10 miles north of Falls-of-Rough, Breckinridge County.
3. Murray Tile Company No. 1, Cloverport, Breckinridge County.
4. Joseph Holder No. 1, Indian Lake, Hancock County.
5. L. B. Shaver No. 1, }/i mile north of Heflin, Ohio County.
6. Paradise Corporation No. 1, Paradise, Muhlenberg County.
7. H. Embry No. 1,1 mile east of Neefus, Butler County.
8. Alonzo Davis No. 2, Hart County.
9. Rena Brown No. 1, near Island, McLean County.
10. Casey No. 1, near Spottsville, Henderson County.
11. B. M. Scott No. 1, south of Elkton, Todd County.
12. R. E. Lee No. 1, 4 miles west of Greenville, Muhlenberg County.
13. Clements No. 1, south of Madisonville, Hopkins County.
14. Hillman No. 2, Trigg County.
15. Hillman No. 1, Trigg County.
16. Purvis No. 1, \i mile east of Spa, Logan County.
17. Fordsville test well, % mile northeast of Fordsville, Ohio County.
the second Silurian zone with the Decatur
limestone absent. Still higher on the flank
of the arch, where the Devonian is present
at all it is only a few feet thick. It is in
this area that the Devonian is frequently
cut out entirely. Also, it is in this area
that a number of small oil and gas fields
have been developed. In fact the only com-
mercial production from below the Chatta-
nooga shale in western Kentucky has come
from this area.
From this evidence the following con-
clusions may he drawn:
The absence of the Decatur and Louis-
ville in places, Zones V and VI, from the
sections high on the flank of the Cincin-
nati arch, and their presence on the west
side of the basin indicates some post-
Middle Silurian and pre-Devonian uplift
and erosion. It has been suggested that this
might be evidence of a reflection of the
Caledonian mountain building episode in
the Mississippi Valley and Cincinnati arch
areas.
The thickening of the Lower and lower
Middle Devonian to the southwest suggests
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Fig. 35.—Sections across western Kentucky showing pre-Chattanooga structure and thinning of the Devonian
and Silurian to the south and east.
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that the source of the thick cherts and dolo-
mites was in that direction.
The fact that the Beechwood overlaps
from Onondaga to Silurian and even Ordo-
vician suggests either that the Onondaga
was not deposited as high on the arch as the
Hamilton, or that it was eroded before
deposition of the Hamilton. The fact that
the Jeffersonville is recognized to the south
in Tennessee but has not been recognized
on the east side of the Cincinnati arch in
Kentucky, together with the fact that the
Silver Creek, or lower member of the Ham-
ilton, has not been found far south of Jeffer-
son County would seem to indicate that the
latter explanation is the correct one.
Post-Hamilton warping of the basin, per-
haps as a result of relative east-west uplift
occasioned by movement of the Nashville
dome, served to cut off the southern end
of the syncline. This resulted in the pres-
ervation of a complete section in the deepest
portion, and the stripping of most of the
Hamilton and Onondaga from the east,
south, and west sides. All or nearly all of
the Devonian sediments were removed from
the region high on the Cincinnati arch side
of the basin before deposition of the Chat-
tanooga shale.
THE DEVONIAN SYSTEM IN INDIANA
A. H. Sutton
Associate Professor oj Geology, University of Illinois
Introduction
The Devonian formations of Indiana
constitute the surface bedrock in two
linear belts which outline in part the
Eastern Interior or Illinois basin and the
Michigan basin. The southern belt extends
diagonally across Indiana from the south-
eastern part near Jeffersonville and New
Albany, north and northwest toward the
northwestern corner of the state to the
Illinois-Indiana state-line in the vicinity of
Kentland, Indiana. This belt is approxi-
mately 225 miles long, and if all of the
New Albany black shale is included in the
Devonian, its maximum width is about 40
miles in Rush, Shelby, and Johnson coun-
ties a short distance south of its mid-point.
The average width is approximately 25
miles. The outcrop area of the middle De-
vonian limestones is narrower than that of
the black shale except in the central por-
tion of the belt. An especially significant
outlier is located at Pendleton in Madison
County. The northern belt extends almost
entirely across the north end of the state
and has a length of approximately 140
miles and a maximum width of 50 miles
in the state. The middle Devonian lime-
stones occupy a very narrow portion of
the width of the belt.
Except in the southern portion of the
southern belt, the Devonian formations are
covered by glacial drift which blankets
increasingly more and more of the bedrock
so that north and northwest of Decatur
County exposures are relatively rare in the
southern belt and are absent in the northern.
Recent road-building and increased use of
the rock for agricultural purposes have re-
sulted in many more exposures, especially
in the critical area of Jefferson, Scott, and
Jennings counties, where the relation of
the Geneva formation to the Jeffersonville
formation is best shown. The general areal
distribution of the middle Devonian lime-
stones and the late Devonian black shale
is shown in figure 38. Some of the data
for the map have been obtained from the
Indiana State geological map and additional
information from other sources has been
used in the compilation. The southern belt
follows rather closely the state map of 1932
but is modified on the basis of information
taken from other publications. The north-
ern belt follows very closely the mapping
on the United States Geological Survey
map of 1932.
Information about the Devonian stratig-
raphy of Indiana dates back to the work
of Stilson in 1818. Increased knowledge
has been gained from time to time through
the work of others. Most of the important
publications which have contributed to our
knowledge of the Indiana Devonian are
given in the bibliography at the end of this
paper. Today it is recognized that rocks
of Onondaga and Hamilton age as well
as whatever portion of the New Albany
and other black shales may be Devonian,
are well developed in Indiana. Little is
known of the details of these rocks except
in the southern portion of the southern
belt because of lack of adequate exposures
in the northern part of the state. More
detailed surface studies are needed and
much of the knowledge of the subsurface
Devonian stratigraphy yet remains to be
made public.
Stratigraphy of the Southern Belt
The Devonian section as commonly rec-
ognized in the southern end of the state
consists, in ascending order, of the Jeffer-
sonville (Onondaga) limestone, Sellersburg
(Hamilton) limestone with recognizable
members which some workers consider
distinct formations, and the New Albany
black shale, most, and possibly all, of which
is Devonian. Northward as shown by Sut-
ton and Sutton (1937, pp. 326-328) the
[162]
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Fig. 38.—Distribution of Devonian rocks.
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Fig. 39.—Columnar sections of the Middle Devonian formations of the southern belt.
Jeffersonville grades laterally into the dolo-
mitic Geneva formation. The Pendleton
formation is exposed in the vicinity of
Pendleton. This has been given various
age assignments but, in the opinion of the
writer, is a sandy fades of the Jefferson-
ville-Geneva unit. Cooper (1936, p. 9)
gave as the section for southern Indiana, in
ascending order, the Onondaga limestone,
Delaware limestone, Silver Creek lime-
stone, and Beechwood limestone. He did
not indicate which portion of the section
he called Delaware. Since the typical Jef-
fersonville (Onondaga) and Silver Creek
limestones are quite distinct lithologically
and are easily recognized in many localities,
it seems possible that the beds which he
called Delaware may be the ones that
Sutton and Sutton (1937, p. 326) called
Speeds and considered a member of the
Sellersburg below the Silver Creek.
Rocks, assigned to both Onondaga and
Hamilton, which have been called Jeffer-
sonville and Sellersburg and correlated with
the formations of the same names farther
south, are exposed in the northern portion
of the southern belt in Wabash Valley
between Peru and Delphi and along Tip-
pecanoe River near Monticello. Exposures
correlated with the Jeffersonville of the
Wabash Valley are reported as far west as
Rensselaer. Cooper (1937, p. 15) stated
that collecting in the rocks exposed along
Wabash River and its tributaries soon
proved that the relationship of the Wabash
Devonian is with the uppermost middle De-
vonian bed (Beechwood) of southern Indi-
ana rather than with the lowest beds there,
but offered no fossil evidence in support
of the statement. The area where the
Geneva and Pendleton types of rock grade
into the more typical Jeffersonville facies
toward the northwest (if they do) can be
determined only by detailed subsurface
data from below the glacial drift.
JEFFERSONVILLE
The Jeffersonville limestone was named
by Kindle (1899, p. 8) from exposures at
the Falls of the Ohio, between Jefferson-
ville, Indiana, and the mouth of Silver
Creek. The formation consists of gray to '
bluish-gray or bluish-brown crystalline hard
compact relatively pure limestone. It is
usually thick-bedded although the upper few
feet are commonly more thinly bedded and
more shaly. The formation is abundantly
fossiliferous and is characterized by prom-
inent fossil zones. The basal portion con-
tains the fossil "coral reef" of the Falls of
the Ohio. Because of the absence of true
reef structures it is probably better to refer
to this as a "coral bed" or biostrome. The
beds above the coral zone are characterized
especially by Spirifer gregarius1 and S.
acuminatus. S. gregarius usually occurs
1 New generic names have recently been introduced for
many of the species formerly assigned to Spirifer. Because
the status of some of these may be in doubt and because
they may be unfamiliar to some American geologists, the
new names have not been used in this paper.
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most abundantly just a few feet above the
coral zone and S. acuminatus is most abun-
dant in the upper portion of the formation.
Large specimens of Stropheodonta hemis-
pherica and S. concava are commonly asso-
ciated with Spirifer acuminatus. Other
Onondaga species are common. Whitlatch
and Huddle (1932, pp. 367-370) described
a Stropheodonta demissa zone at the top of
the Jeffersonville in places in Clark County.
It is possible that the beds which they con-
sidered as uppermost Jeffersonville in cer-
tain localities are the same as those which
Sutton and Sutton (1937, p. 326) called
the Speeds member and assigned to the
basal portion of the Sellersburg in the vicin-
ity of Speeds and Sellersburg. The Jeffer-
sonville in the northern area, according to
Kindle (1900, p. 562) is a gray crystal-
line thin- to thick-bedded limestone which
contains a fauna similar to that of the
Jeffersonville of southern Indiana with
Spirifer acuminatus one of the most char-
acteristic species. The coral zone has not
been reported from the northern exposures.
Cooper (1937, p. 15) considers all of the
limestone in the Wabash area equivalent
to the Beechwood of southern Indiana and
believes that it represents a southern ex-
tension of the Alpena limestone of Michi-
gan.
The Jeffersonville is about 20 feet thick
at Ohio River, increases to a maximum of
30 to 33 feet near Sellersburg, and decreases
in thickness toward the north until it is
absent from the section north of Burnsville.
As it decreases in thickness toward the
north, the Geneva increases because of lat-
eral gradation between the two types of
rock. The maximum reported thickness by
Kindle of the Jeffersonville in the Wabash
area is 4 feet and 6 inches. Shrock and
Malott (1929, p. 222) gave a thickness
of 16 feet and 6 inches of limestone and
shale five miles south of Wolcott in the
SW. corner sec. 19, T. 26 N., R. 5 W.,
which they say probably correlates with
the Jeffersonville of the Wabash valley.
They also (p. 223) corroborate earlier re-
ports of Collett (1883) and Kindle (1904)
of Devonian rocks at Monon and Rensse-
laer.
The Jeffersonville rests disconformably
on the Middle Silurian limestone, is suc-
ceeded disconformably by the Sellersburg
limestone, and grades laterally into the
Geneva. The faunal affinities of the Jeffer-
sonville leave little doubt of its Onondaga
age. It is correlated with the Grand Tower
of Illinois, although, according to Savage
(1930, pp. 88-89), the basal portion of the
Jeffersonville is not as old as the lower
portion of the Grand Tower. He believes
that there is a thickness of at least 100 feet
of Grand Tower which belongs below the
oldest Jeffersonville limestone.
GENEVA
The Geneva was named from exposures
at Geneva in Shelby County, Indiana, by
Collett (1881, pp. 55-88). The rock here
is a dark-buff to brownish, soft to hard, fine-
grained magnesian limestone. In some local-
ities it is nearly white to cream in color
and fairly hard on unweathered surfaces.
The texture varies from coarsely crystalline
to fine-grained saccharoidal. It is usually
more or less porous with frequent concen-
trations of calcite in the cavities. The lower
portion of the formation is commonly thick-
ly bedded and massive and usually a buff
to chocolate brown in color. The upper
portion, 6 to 8 feet, is commonly more
thinly bedded in layers 2 to 3 inches thick.
In places the Geneva is cherty and weathers
to a white chalky material. North of Scipio
a prominent cherty layer about 2 feet thick
has been referred to as the burrstone layer
and was formerly utilized. The basal por-
tion of the formation is highly dolomitic
but the magnesian content decreases up-
ward. The dolomite content also decreases
toward the south and west and presumably
toward the northwest from the Geneva
area. The southernmost occurrence of the
Geneva type of rock below typical Jeffer-
sonville limestone is in the vicinity of Lex-
ington where 3 feet of strata may be as-
signed to it. Northward the Geneva
thickens as the Jeffersonville thins. Thirty
feet of strata are exposed at Geneva and
northward it is buried by glacial drift. The
greatest known thickness is along the east
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side of Bear Creek in the NW. J4 SW. i/A
of sec. 30, T. 8 N., R. 8 E., where 62 feet
of strata are exposed. Characteristic Spiri-
feri acuminatus and Stropheodonta hemis-
pherica at the top of the section indicate
that not much if any of the formation is
missing there.
Fossils are rare in the lower part of the
formation and those that do occur are casts
and molds. They are usually more abun-
dant near the top but are poorly preserved.
The upper portion of the Geneva contains
Spirifer acuminatus and Stropheodonta hem-
ispherica, the same species that characterize
the top of the Jeffersonville toward the
south. These brachiopods and their associ-
ated forms have been found wherever the
youngest Jeffersonville or Geneva has been
studied. The coral fauna, because of its
position near the base of the formation is
not exposed in as many localities as the
brachiopod zones in the upper part. How-
ever, the coral zone has been observed in
several localities (Sutton and Sutton, 1937,
pp. 327-328). In all of the exposures the
corals mark a zone approximately 15 feet
above the base of the Jeffersonville or Gen-
eva. The continuation of the characteristic
Onondaga fossil zones in approximately the
same stratigraphic position from the Jeffer-
sonville into the Geneva and the lateral
gradation between the two formations are
indicative of the contemporaneous deposi-
tion of the two. The Geneva is discon-
formable with overlying and underlying for-
mations.
PENDLETON
The only Devonian exposures near the
central part of the State are in the southern
portion of Madison County at Pendleton.
Cox (1869, p. 7) called these rocks the
Pendleton sandstone. He later (1879, pp.
60-62) described them in more detail. The
best and almost only good exposure of these
beds are at the falls of Fall Creek just
below the former site of the Big Four Rail-
road bridge and in the quarry southwest
of the creek exposure. Both of these are
now incorporated in a city park. The creek
has been dammed to make a swimming pool
and the abandoned quarry has filled with
water so that it is not possible to see the
entire section or to collect fossils. The
section as measured by Kindle (1900, p.
560) consists of 10 or more inches of bluish-
drab calcareous fine-grained sandstone, suc-
ceeded by 6 feet 8 inches of massive white
sandstone in beds 10 to 12 inches thick,
then by 3j^ feet of hard gray limestone.
The white sandstone has yielded a con-
siderable number of Devonian fossils. Hall
(1878, p. 60) correlated the Pendleton with
the Schoharie of New York, and Kindle
(1900, pp. 560-561) stated that the fossils
which he collected "did not materially alter
the evidence on which he (Hall) correlated
the Pendleton sandstone with the Schoharie
grit of New York."
As far as the writer has been able to
ascertain from the limited opportunity to
study these outcrops at Pendleton, the lime-
stone at the top of the section carries some
of the same corals which are in the Geneva
and Jeffersonville formations to the south.
There does not appear to be any strati-
graphic break between the sandstone and
the overlying limestone which contains con-
siderable sand in the lower part, and some
sand in the upper part. The position of
the corals in the section is approximately
the same distance above the base of the
formation as in the other two units. Until
more evidence to substantiate some other
correlation is obtained, the author prefers
to consider all of the beds at Pendleton as
a unit, the Pendleton formation, and to
regard it as essentially equivalent to the
lower Geneva and Jeffersonville, a third
lithologic facies of the same stratigraphic
unit. This conclusion is reached not only
because of the similarity of fossils but be-
cause paleogeographic considerations would
seem to make correlation with the Scho-
harie untenable.
Sandstone called Pendleton, below Devo-
nian limestone, has been reported by Logan
(1931) from exposures or wells in every
county in the southern belt except Jeffer-
son and Decatur, and from every county
southwest of the outcrop belt except a few
in the southwestern corner of the state
where well records do not extend as low as
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the Devonian. In view of this reported
widespread distribution of the sandstone, it
seems strange that no one else has seen ex-
posures of it where the Silurian-Devonian
contact has been observed except at Pendle-
ton. It is possible that the Pendleton may
be shown by future subsurface studies to be
related to the Dutch Creek sandstone of
Illinois.
SELLERSBURG
The Sellersburg was named by Kindle
(1899, p. 8) from exposures near the town
of that name. The next year (1900, p.
533) he further described the Sellersburg
as consisting of a lower drab colored ''ce-
ment rock" and an upper limestone. In
the same publication Siebenthal (1900, p.
345) divided this stratigraphic unit into
two formations, the Silver Creek Hydraulic
limestone below and the Sellersburg above,
restricting Kindle's Sellersburg to the white
crystalline limestone between the cement
rock and the New Albany black shale. The
name of the lower unit has been shortened
to Silver Creek limestone by later workers.
Butts (1914-1915, p. 120) gave the name
Beechwood to the upper member of the
Sellersburg of Kindle. Some later workers
have ranked Silver Creek and Beechwood
as formations and others have considered
them as members of the Sellersburg forma-
tion. The writer prefers to follow the latter
procedure for Indiana because of the lim-
ited area over which the two members are
sufficiently distinct lithologically to be
readily recognized. In addition to the two
members of the Sellersburg cited there are
two other lithologic zones which, even if
not considered as members, are worthy of
consideration. In the quarry near Sellers-
burg (see section 1 of the columnar sec-
tion) there is a shaly limestone 18 inches
thick below the typical cement rock of the
Silver Creek which Sutton and Sutton
(1937, p. 326) included in the Sellersburg
on the evidence of Spirifer audaculus, and
called the Speeds member of the Sellers-
burg. Because of the limited distribution
of this unit it is probably more proper to
consider it a local development in the
basal portion of the Hamilton which might
be designated the Speeds bed of the Silver
Creek member. This is possibly the same
unit that Whitlatch and Huddle (1932,
p. 396) classed as uppermost Jefrersonville
and the one which Cooper (1936, p. 9)
called Delaware limestone. The other zone
is a cherty bed in the upper part of the
Silver Creek over most of Clark County.
Whitlatch and Huddle (1932, p. 367) pro-
posed that this be designated the "New
Chapel chert bed of the Silver Creek lime-
stone." If this and the shaly unit, the
Speeds, are considered only as local develop-
ments in the Silver Creek, it and the Beech-
wood comprise the two members of the Sel-
lersburg. This would appear to be the
most logical method of classification inas-
much as the New Chapel and Speeds are
more limited in their distribution than the
typical cement rock and the gray limestone
of the Beechwood.
Except for the local Speeds and New
Chapel with their distinctive lithology, the
Silver Creek is a gray fine-grained thinly
bedded argillaceous limestone which devel-
ops a shelly appearance upon weathering.
It is usually softer than the beds above and
below. The Beechwood is a light-gray to
dark-blue hard massive coarsely crystalline
limestone with abundant crinoidal frag-
ments. Near or at the base of the lime-
stone there is usually a conglomeratic band,
from to 6 inches thick, marked by small
shining black rounded water-worn pebbles
which are frequently embedded in a sandy
matrix. The Sellersburg limestone in the
Wabash area varies from a fairly pure blu-
ish-drab limestone to a dark arenaceous
limestone. Huddle (1934, p. 10) believes
that although this rock may represent much
the same time interval as is recorded in
southern Indiana by the Silver Creek and
Beechwood, it is not the same formation
and needs a distinct name.
The Silver Creek, exclusive of the Speeds
bed which is 18 inches thick, is 16 feet and
10 inches thick in the quarry near Sellers-
burg. Whitlatch and Huddle (1932, p.
355) report an average thickness of 15
feet for this member in Clark County. It
diminishes in thickness toward the north
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and in its typical lithology disappears from
the section about three miles north of Lex-
ington. The Beechwood is 4 feet thick in
the quarry at Sellersburg, which seems to
be about the average for Clark County.
It, too, decreases in thickness toward the
north. The entire Sellersburg loses its char-
acteristic lithologic features about 35 miles
north of the Falls of the Ohio and north-
ward can be separated from the Jefferson-
ville only on paleontologic evidence. It has
been identified as far north as Burnsville.
The reported maximum thickness of the
Sellersburg in the Wabash area is about
14 feet.
The Sellersburg is disconformable with
the formations above and below. Accord-
ing to Butts (1914-1915, p. 192) there is
a hiatus between the Silver Creek and
Beechwood in Kentucky. The writer has
seen no certain evidence of one in Indiana
unless the conglomeratic band at the base
of the Beechwood is indicative of a break
in deposition.
The Hamilton age of the Sellersburg is
well established by the fossil content. Spiri-
fer pennatus which is common in the Sellers-
burg of northern Indiana, was collected in
southern Indiana thus suggesting the prob-
ability of a direct sea connection between
the two areas, contrary to the opinion of
Kindle (Sutton and Sutton, 1937, p. 326).
Cooper and Warthin (1936, pp. 376-377)
consider the Beechwood of lower Ludlow-
ville age and correlate it with the Center-
field of New York, part of the Widder for-
mation of southwestern Ontario, part of
the Alpena limestone of Michigan, and at
least part of the Lingle limestone of Illi-
nois. They consider the Silver Creek of
Skaneateles age and correlate it with the
Arkona beds of Ontario and the Long Lake
and Bell rocks of Michigan. Since they
assign a Skaneateles age for the Misen-
heimer shale of Illinois also, the Silver
Creek may be equivalent, at least in part,
to the Misenheimer.
NEW ALBANY
The name New Albany was proposed by
Borden (1874, p. 158) for the rocks pre-
viously called "Black slate" or "Black
Lingula slate" in Indiana and Kentucky.
It is exposed in two general areas in the
southern outcrop belt. The southern area
extends from Ohio River to Johnson Coun-
ty and the northern area is chiefly in Car-
roll and White counties along Wabash
River. All possible outcrops between the
two are hidden by the covering of glacial
drift.
The New Albany shale where fresh is
brownish to black in color, hard, brittle,
and in places sheety. Weathering changes
the color from black to light brown or gray
and emphasises the tendency to split into
thin sheets. Some layers, especially those
with some calcium carbonate, never develop
a sheety character. Pyrite is more or less
common throughout the formation. The
New Albany is characteristically jointed in
two directions. Locally the black shale con-
tains lenses of gray to gray-green shale,
sandy limestone, or sandstone. These occur
at various positions in the formation and
have been reported from many localities by
Huddle (1934, pp. 6-7). He (1934, p. 9)
reports also three persistent concretion
zones. One, in which the concretions are
from one to three inches in diameter, is
from one to four feet below the Rockford
limestone, and is said to occur in nearly
every outcrop in southern Indiana. Large
elliptical calcium carbonate concretions,
from one to three feet in diameter, have
been found at two levels. The upper of
these two zones is from 40 to 50 feet below
the Rockford and the other from 3 to 10
feet above the base of the New Albany.
The New Albany ranges from 80 to
145 feet in thickness with an average of
about 100 feet in southern Indian. Definite
thicknesses for the northern area are not so
readily obtained. In one section Kindle
(1900, p. 563) recorded a thickness of
about 50 feet of strata which apparently
can be considered New Albany. It has
been reported to be as thick as 150 feet in
wells in northwestern Indiana.
The New Albany is disconformable with
both subjacent and superjacent formations.
In the southern outcrop area it lies usually
on the Beechwood although locally it is on
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Silver Creek and is overlain by the Rock-
ford (Mississippian) limestone. In the
northern area it rests on some middle De-
vonian limestone and is succeeded by rocks
of Mississippian age.
Huddle (1934, pp. 17-23) has given the
most recent summary of the present status
of knowledge of the age and correlation
of the New Albany of Indiana. The lower
portion, at least 15 feet, is considered to
be unquestionably of Genesee age. He
(1933) reported a definite Devonian bra-
chiopod fauna from about 5 feet below the
top of the formation about two miles north
of Rockford, Indiana. His study of the
conodonts (1934) did not give as precise
evidence of the age of the New Albany as
had been hoped since most of the conodonts
in the upper 5 to 10 feet are new species.
This upper conodont fauna according to
him (1934, p. 23) probably extends below
the brachiopod zone. The highest previous-
ly described Devonian conodonts are from
the Portage (Rhinestreet shale) and there
is a considerable section of Devonian above
the Rhinestreet from which conodonts sim-
ilar to those of the upper New Albany
might be obtained. The extension of the
upper conodont fauna below the brachiopod
zone and the association of the conodonts
with "Catamites inornatus" he believes in-
dicates a Devonian age for all of the New
Albany. However the possibility that the
very uppermost beds of the New Albany
may be of Mississippian age is recognized.
Additional conodonts from known upper
Devonian rocks must be studied before more
satisfactory correlation and more exact age
determination of the New Albany can be
made on the basis of conodont evidence.
COLUMNAR SECTIONS
The general thicknesses and relations of
the various Middle Devonian stratigraphic
units of the southern belt can best be shown
by a series of columnar sections arranged
from southeast to northwest along the belt
of outcrop. They are shown graphically
in figure 39. Most of these were measured
by Sutton and Sutton (1937), but Nos. 2
and 3 are after Whitlatch and Huddle
(1932), the ones for the Pendleton and
Wabash areas have been compiled from the
work of Kindle (1900), and No. 11 has
been taken from the paper by Shrock and
Malott (1929, p. 222).
Section 1
Thick-
ness
Ft. In.
5. New Albany shale
4. Beechwood, Upper Sellersburg: massive
coarsely crystalline limestone; many
crinoid remains, fragments of Stropheo-
donta and Rhipidomella: lower 3 inches
with shiny black pebbles 4
3. Silver Creek, Lower Sellersburg: upper
53^ feet in thick layers; middle part, 11
feet 4 inches shelly thin-bedded argil-
laceous fine-grained limestone; lower
13^ feet bluish shaly very fossiliferous
limestone. This lowest division of the
section is the part for which Sutton and
Sutton (1937, p. 326) proposed the
designation Speeds member of the Sel-
lersburg 18 4
2. JefTersonville: gray crystalline lime-
stone, lower part massive, upper part
thin-bedded; coral zone in lower portion,
Spirifer gregarius above and S. acumi-
natum in upper part 30 9
1. Louisville, Silurian limestone, .(exposed) 4
Section 1 was measured along the east
end of the quarry 0.8 mile southeast of the
railroad station at Sellersburg in the NW.
14 of Lot 90.
Section 2
6. New Albany shale 2 4
5. Beechwood limestone 4
4. Basal conglomerate 3-4
3. Silver Creek limestone 14
2. JefTersonville limestone 33
1. Louisville limestone (exposed) 16
Section 2 was measured by Whitlatch and
Huddle (1932, p. 375) along the north
face of the same quarry in which section 1
was measured. The two sections are in
close agreement if the Speeds member of
Sutton and Sutton is the same as the
Stropheodonta demissa zone of Whitlatch
and Huddle. Section 2 has been included to
substantiate the statement made earlier in
this paper that the Speeds bed of the Silver
Creek may be the same as the S. demissa
zone which was included in the JefTerson-
ville by Whitlatch and Huddle.
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Section 3
Thick-
ness
Ft. In.
4. New Albany shale
3. Beechwood limestone 1
2. Silver Creek limestone 17
1. Jeffersonville limestone 25 +
Section 3 was measured by Whitlatch
and Huddle (1932, p. 387) near Stony
Point Church, which is located near the
center of the west line of Lot 152, about
three miles slightly north of west from
Charlestown.
Section 4
Ft. In.
6. New Albany shale
5. Beechwood: coarsely crystalline hard
limestone, not very fossiliferous %-l
4. Silver Creek: fine-grained argillaceous
limestone 5
3. Probably Jeffersonville; crystalline tan-
colored limestone, fossil fragments 2
2. Jeffersonville: bluish-gray compact
crystalline hard limestone 7 6
1. Geneva: yellowish dolomitic limestone,
Spirifer acuminatus and large Stropheo-
dontas 3
Section 4 was measured in a quarry
southeast of Lexington, in the NW. J4
SE. 1/4 sec. 34, T. 3 N., R. 8 E., on the
northeast side of the railroad. This is the
southernmost known exposure of the typical
Geneva rock below typical Jeffersonville.
Number 3 of the section may be Sellers-
burg.
Section 5
Ft. In.
3. Sellersburg: blue crystalline limestone. . 3
2. Jeffersonville: blue-gray limestone, no
definite contact with beds below 15
1. Geneva: buff to gray, highly dolomitic
in lower part, fine-grained near top. S.
acuminatus zone near top 22
Section 5 was measured one mile north
of Deputy on the north bank of Big Creek
along the east side of state highway No. 3.
Section 6
Ft. In.
3. Sellersburg: dark blue to gray, coarsely
crystalline, massive limestone 1 11
2. Jeffersonville: light blue to gray, not as
crystalline as Sellersburg 4
1. Geneva: upper 14 feet light buff, thin-
banded, fine-grained, fossiliferous dolo-
mite with Spirifer acuminatus and
Stropheodonta hemispherica. Below this
a 3 to 1 in< h clay seam with some corals.
I ower 22 feet is fine-grained, buff dolo-
mite with a conspicuous coral zone
about I r> feel above the base 42 4
Section 6 was measured along the east
side of Indiana highway No. 3, southeast
of Vernon, just south of the intersecton of
state highways 7 and 3 in the central part
of sec. 11, T. 6N, R. 8 E.
Section 7
Thick-
ness
Ft. In.
4. New Albany shale
3. Sellersburg: dark blue hard crystalline
limestone 10
2. Jeffersonville: gray hard crystalline
limestone 1 4
1. Geneva: light gray to buff fossiliferous
limestone, dolomitic in part. Upper 6
to 8 feet in thin beds, 2 to 5 inches
thick. Lower part massive. . . . (exposed) 19
Section 7 was measured in the Clyde
Huston quarry, in the NE. \/A NW. 14
sec. 5, T. 8 N., R. 7 E., along the east side
of the Riley Highways (state highway No.
9) north of Little Sand Creek.
Section 8
Ft. In.
1. Geneva: buff to chocolate-colored fine-
grained dolomite; hard in places, con-
centrations of calcite in cavities. Fossils
rare as casts and molds (exposed) 30
1
.
Louisville limestone
Section 8 was measured south of Geneva
(Sulphur Hill) along the northwest bank
of Flat Creek in the southern part of Shelby
County. This is the type locality of the
Geneva.
Section 9
Ft. In.
3. Hard gray limestone 3 6
2. Massive white sandstone, beds 10 to 12
inches thick 6 8
1. Bluish-drab, calcareous, fine-grained
sandstone 10
Section 9 is given by Kindle (1900, p.
560) of the rocks exposed at Pendleton,
Indiana, and represents what the writer is
designating the Pendleton formation, in-
cluding both the sandstone and overlying
limestone in one unit.
Section 10
Ft. In.
2. Sellersburg limestone 13 6
1 . Jeffersonville limestone 4 9
Section 10 has been compiled from Kin-
die's report (1900) of the Wabash area.
IN INDIANA 171
Section 11
Thick-
ness
Ft. In.
6. Light pink to gray thin-bedded coarsely
crystalline limestone 6
5. Blue to gray sandy shale . . . . : 1 6
4. Thin-bedded gray limestone 1
3. Blue to gray sandy shale 1 6
2. Thin-bedded gray crystalline limestone,
occasional chert nodules 5
1. Light gray crystalline limestone with
some chert 1 6
Section 11 was measured by Shrock and
Malott (1929, p. 222) in a quarry five
miles south of Walcott. They stated that
it probably correlates with the Jefferson-
ville of the Wabash valley.
Stratigraphy of the Northern Belt
Because of the absence of exposures due
to the thick covering of glacial drift,
nothing is known of the details of the
Devonian stratigraphy of the northern belt
except for such information as has been
obtained from well records. These are
almost all old, and data were so inade-
quately recorded that it is almost impossible
to interpret them with any reasonable de-
gree of accuracy except for the black shale.
Well data show the presence of black shale,
which the Indiana Department of Conser-
vation calls New Albany, over all of this
area. The shale has a reported maximum
thickness of 245 feet in Steuben County.
Other thicknesses are 76 feet in Lake Coun-
ty, 65 in Porter, 125 in La Porte, 215 in
Elkhart, 63 in Kosciusko, and 65 in Noble.
The New Albany is underlain through-
out the area by limestone of Devonian age.
This has been designated either Sellersburg
of Jeffersonville or both in most counties.
Very little reliable data for precise correla-
tion can be obtained. Thicknesses from 10
feet in Noble County to as much as 55 to
65 in other localities are given. Sandstone,
usually called Pendleton, is reported at the
base of the Devonian in several counties
with maximum thickness of 10 feet in
Steuben County. The 1932 edition of the
Indiana State Geological Map included the
Kenneth limestone, which is exposed in a
structural sag between Peru and Logans-
port, in the Devonian. The Kenneth was
originally assigned tentatively to the Silu-
rian by Cumings and Shrock (1938, p.
123). Later Cumings (1929, p. 208) ex-
pressed a belief that the Kenneth carries
a fauna comparable to that of the Keyser
of Maryland, Pennsylvania, and New
Jersey and may be early Devonian. Recent
work by Swartz (1939, pp. 35-50) has
resulted in the assignment of a late Silurian
age to the Keyser and the correlation of it
with the Upper Silurian formations of New
York. If this correlation is substantiated
and the Kenneth is to be correlated with
some part of the Keyser it would still be
excluded from the Devonian system. It is
discussed under the northern belt because
of a more probable relationship with the
rocks of that area rather than with those
of the southern belt, although it is exposed
in territory included in the southern belt.
Subsurface Stratigraphy
The only information available to the
writer on which to base a discussion of the
subsurface Devonian of Indiana has been
that contained in two publications by Logan
(1926 and 1931). These consist chiefly of
general stratigraphic columns and well
records for each of the counties. In the
1931 publication he reported Devonian
from well records in every county south-
west of the southern outcrop belt except
Knox, Daviess, Posey, Vanderburg, War-
rick, and Spencer, in which the wells did
not penetrate below the Mississippian. No
Devonian sections were given for Craw-
ford, Gibson, Pike, and Washington coun-
ties in 1926. The records of most of the
wells are such that any attempt to deter-
mine how much of the Devonian section
should belong to the various formations
would give results more misleading than
correct. In almost all of the counties, the
Devonian column* in the 1931 publication
consists of Pendleton sandstone, Jefferson-
ville limestone, Sellersburg limestone, and
New Albany shale. In the 1926 publication
the Devonian limestones were treated as a
unit, the Corniferous, for most counties. In
several of the well logs the Devonian lime-
stones have not been separated from the
Silurian or from each other.
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It has been possible to determine thick-
nesses from some logs for the New Albany
shale, Devonian limestones, and the sand-
stone. Thicknesses up to 120 feet of black
shale, as much as 69 feet of Devonian lime-
stone, and 15 feet of sandstone are reported.
The Devonian columns for most counties
as reported in the 1926 publication are in
marked contrast to those of the 1931 pub-
lication especially with respect to the Pen-
dleton sandstone. The 1931 publication
repeats the material published in 1926 plus
additional well records. In the 1926 pub-
lication the Pendleton or an unnamed sand-
stone at the base of the Devonian was
reported for only six counties, Parke, Mor-
gan, Sullivan, Green, Monroe, and Jackson.
The writer has been unable to identify it
in the 1926 published well logs of three of
these counties, Jackson, Monroe, and Sulli-
van. The discrepancy between the 1926
and 1931 reports with respect to the occur-
rences of the Pendleton sandstone is rather
difficult to explain. Of the counties in this
portion of the state from which no sand-
stone was reported in 1926 and some was
reported in 1931, the well records of 16 are
identical in the two publications and for one
other county no additional logs are given.
For six counties the 1931 interpretation is
based on only one additional well log, and
in one other county only two additional logs
were used. In only two additional coun-
ties, Vigo and possibly Monroe, for which
the 1931 general stratigraphic column in-
cludes the sandstone, has the writer been
able to recognize it from the well logs. The
counties in which the sandstone has been
recognized in the well logs by the writer
comprise an area which is on a line between
the only known exposure of sandstone at
Pendleton and the southwestern Illinois De-
vonian exposures. This may substantiate
the previously made statement that the
Pendleton may be related to the Dutch
Creek sandstone of Illinois.
The situation is much the same for the
northern end of the state. Sandstone, called
Pendleton or Schoharie or unnamed, was
reported in 12 counties in 1931 and in only
one, Noble, in 1926. In this end of the
state as well as in the southwestern portion,
the differences in the stratigraphic columns
given in the two publications would seem
to be a result of different interpretation
rather than additional information. No
sandstone was reported in either publication
for five of the 17 counties in this area.
In five counties in which the sandstone was
reported in 1931 and not in 1926, the well
records are the same for both years. The
1931 publication has two counties in which
three additional records were considered.
Well logs for Noble and Steuben counties
seem to the writer to be the only ones
which may record the sandstone.
Conclusion
In conclusion, attention is called to some
of the more important problems relating
to the Devonian stratigraphy of Indiana
which need further study and solution.
More detailed surface studies are needed,
especially in the northwestern portion of the
southern belt in order to determine more
satisfactorily the age and relationship of the
rocks there to the Middle Devonian lime-
stones farther south in the state. The
Pendleton sandstone should be carefully
searched for fossils and any other diagnostic
features which may help to settle the ques-
tion of its age. Finally much subsurface
study is needed for all portions of the state
in order to solve problems of distribution,
classification, and correlation of the Indiana
Devonian.
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DEVONIAN OF NORTHEASTERN MISSOURI
E. B. Branson
University of Missouri, Columbia, Missouri
The Devonian of northeastern Mis-
souri crops out in two areas that are
separated by about 50 miles where
younger rocks overlie Devonian rocks. The
larger area extends from near Sedalia east-
ward to about 15 miles west of St. Louis,
a distance of about 150 miles. The other
area is near the Mississippi River from a
few miles north of Hannibal southeastward
for about 50 miles. The accompanying map
is taken from one published by the Missouri
Geological Survey in 1940, with minor
modifications as explained in another para-
graph. The writer mapped the Devonian
of all of the area under discussion, and
most of the results were published in 1924. 1
Figure 40 shows generalized sections of
northeastern Missouri Devonian in five
places. In the sections no attempt has been
made to show thicknesses to scale. In the
following discussion some of the formations
are treated in three places according to place
of occurrence. The correlation of the for-
mations is indicated imperfectly in the sec-
tions and more completely in the discussion.
The oldest formations are Cooper in the
western part of the area and Mineola in
the eastern part. Both are Middle Devo-
nian in age. Both are overlain in places
by patches of the Ashland limestone of
Middle Devonian and by Callaway lime-
stone of uppermost Middle Devonian. The
Upper Devonian Snyder Creek formation
overlies part of the Callaway and does not
overlap it. The Grassy Creek shale over-
lies the Snyder Creek and older Devonian
in places in northeastern Missouri. It over-
lies the Callaway and overlaps onto the
Maquoketa and Kimmswick of the Ordo-
vician and Noix oolite of Lower Silurian.
The Louisiana limestone is the youngest
Devonian formation of northeastern Mis-
souri and is present in only a small area
near Louisiana.
1 Branson, E. B., The Devonian of Missouri: Missouri
Bur. Geol. and Mines. 2 ser., vol. 17, 1924.
Cooper Limestone
The Devonian section (Cooper lime-
stone) near Sedalia is made up of light
gray to dark bluish-gray limestone ranging
from one foot to 30 feet in thickness. The
upper two to four feet of the limestone con-
tains spots of calcite which produce a mot-
tled appearance. It seems to have been
honeycombed with worm-borings which
were later filled by depositions from solu-
tion. About six miles northeast of Sedalia
the lower half of the limestone is dull black.
Eastward from the main outcrops near
Sedalia only patches of Cooper appear but
in the Missouri River bluffs southwest of
Columbia outcrops are continuous for about
five miles. The easternmost Cooper known
to the writer is in the Penitentiary quarry,
about seven miles northwest of Jefferson
City on Highway 63. The formation is
less dense in its eastern appearance and
parts of it may be mistaken for other for-
mations.
The Cooper lacks fossils in most places
but in the Missouri River bluffs and in
the Penitentiary quarry Turbinopsis provi-
dencis Broadhead has been found and some
corals are present.
Mineola Limestone
Near the village of Mineola, about 40
miles east of Columbia on Highway 40,
the lowest Devonian is a sandy porous lime-
stone named Mineola by Branson. 2 The
formation is highly heterogeneous, ranging
from sandstone to highly crinoidal lime-
stone with little foreign material. In many
places the lowest part of the formation is
a sandstone so similar to the St. Peter of
the Ordovician that they cannot be distin-
guished from each other excepting by their
stratigraphic relations, and rarely, by fossils
in the Mineola. In places the entire thick-
oP . '.., pp. 15-24.
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ness of the formation, 20 feet or more, is
crinoidal limestone that resembles the Bur-
lington limestone so closely that they can-
not be distinguished except by their fossils.
In some places the entire thickness is com-
posed of porous sandy sparsely fossiliferous
limestone, and in other places all phases of
the formation are present.
The Mineola sea advanced over many
kinds and ages of rocks, and the sediments
laid down corresponded to the sediments
furnished by the exposed rocks. Fossils are
abundant in some facies, rare or absent in
others.
In color the Mineola is white, pink, yel-
low, brown, mottled. Some phases are high-
ly fossiliferous. Many of the fossils are of
similar or identical species with those from
the Jeffersonville formation of Indiana.
Possibly the most distinctive of the fossils
is Icriodus latericrescens Branson and Mehl
which has been found in the Mineola of
Missouri, Jeffersonville of Indiana, Silica
shale of Ohio, Ferron Point shale of Michi-
gan, Olentangy shale of Ohio, all of
Middle Devonian (the Olentangy was
called Upper Devonian by Grabau). Rens-
selandia missouriensis (Swallow), (the old
Newberria of Hall), which occurs above
the Mineola in the Ashland, is a common
associate of such Middle Devonian species
as Stringocephalus burtoni Defrance in
Canada and is unknown above Middle De-
vonian, unless the Iowa specimens are Up-
per Devonian. Stainbrook 3 identifies the
species from the Cedar Valley of Iowa and
says that it is sparse and occurs generally
singly. It seems possible that the Ashland is
present in patches in Iowa and furnished
some specimens that were included in the
Cedar Valley when that formation was de-
posited, or that the Ashland has not been
differentiated from the Cedar Valley as
for a long time it was not differentiated
from the Callaway in Missouri.
Megistocrinus is abundant in the Mine-
ola but is rare above Middle Devonian else-
where unless the Iowa occurrences are
above Middle Devonian. It ranges as high
as the Burlington (Middle Mississippian)
but is unknown from Missouri formations
above the Mineola. Branson's4 summary of
the evidences for the correlation of the
Mineola were as follows
:
"1. Many species are common to the
Onondaga of Indiana and eastward and the
Mineola of Missouri.
2. The dominant species of the Mineola
are Onondaga species.
3 Stainbrook, Merrill A., Terebratulacea of the Cedar
Valley Beds of Iowa: Jour. Paleontology, vol. IS, p. 44,
1941.
4 Op. cit., p. 24.
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3. The fauna contains none of the dom-
inant Hamilton species.
4. The Mineola lies unconformably be-
low the Callaway which is definitely cor-
related with the Hamilton."
A short distance east of Missouri River
a barrier seems to have partially or com-
pletely separated the Mineola and Cooper
seas and neither formation is present on a
narrow area between Lupus and Mineola
(fig. 41, stippled area). As the Cooper
contains few fossils its sea was probably
unfavorable for life> possibly because it
was highly saline.
The writer suggested this in 1924, and
recently corroboration has appeared from
well cuttings. In southwestrn Iowa gypsum
and Cooper limestone grade into one an-
other. 5
Further significant relationships are with
the Wapsipinicon of Iowa which is highly
varied lithologically and is almost barren
of fossils. In northwestern Missouri, Mc-
Queen of the Geological Survey of Mis-
souri, designates the lowest formation of
5 Personal communication by Dr. Frank Counselman, who
examined cuttings from many wells in northwestern Missouri
and southwestern Iowa.
the Devonian "trash" because of its great
variability. It, too, probably corresponds
to the Mineola, and forms a facies of the
Cooper.
The Mineola pinches out eastward a
short distance west of Warrenton (fig. 41).
It seems to continue under younger forma-
tions to northern Missouri where its out-
crops appear from near Bowling Green to
near Hannibal, and it has been identified
in well cuttings northward to the Iowa
line. Near Hannibal the basal part of the
Mineola is sandstone in most places. At
one place, about 12 miles southwest of
Hannibal, a silty sandy clay showing no
bedding forms the basal member for about
half a mile. Trochiliscids6 are the only fos-
sils that have been recovered from this
member. It probably resulted from the
weathering of the underlying Ordovician
limestones and was only slightly reworked
by Devonian agents.
Ashland Limestone
About seven miles southeast of Ashland,
nine miles northeast of Jefferson City, in
r> Peck, Raymond E., Structural trends of the Trochilisca-
ceae: Jour. Paleontology, vol. 10, pp. 767-768, 1936.
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sec. 1, T. 47 N., R. 12 W., a unique lime-
stone crops out in an area of about 10 acres.
The maximum thickness of the limestone
is about 15 feet. The stone is very com-
pact and so crowded with fossils that few
good specimens have been recovered. The
name Ashland is being used for the forma-
tion.
In the type area Callaway limestone
overlies Ashland limestone unconformably
and Ashland overlies Mineola or Jefferson
City (Lower Ordovician) unconformably.
West of Missouri River the Ashland has
been found in one place about six miles
southwest of Lupus. The outcrop is only
a few hundred feet in extent and the for-
mation is about six feet thick. The exposure
is poor and the formation is recognizable
only on account of the presence of Rens-
selandia missouriensis (Swallow).
Three to six miles southwest of Hannibal
are three patches of Ashland limestone al-
most identical in lithology and fossils with
the Ashland outcrops. However the Rens-
selandia are smaller than those in the Ash-
land region. None of the exposures has an
area greater than three thousand square
feet. The formation lies unconformably
on the Kimmswick of Middle Ordovician
age and unconformably below the Callaway
limestone.
The Ashland deserves formational rank
on account of its distinct lithology, unique
fossils, and its relationships to adjoining
formations.
Callaway Limestone
The greater part of the Callaway is
made up of light to dark bluish-gray com-
pact fine-grained limestone in thin beds.
One to three or four thin beds of a light
to dark brown compact limestone is present
in most sections. One phase consists of
white to gray coarsely to finely crystalline
highly fossiliferous limestone. The crystal-
line limestone occurs in one to four lenses
ranging from one to four feet thick in
most sections. Sandstone is present at the
bottom of the formation in most places and
near Lupus it makes up the greater part of
the thickness. Lupus was near the Calla-
way sea shore. The Callaway ranges from
a few inches to more than 50 feet thick.
Much of the Callaway is highly fossil-
iferous but some phases are almost barren
of fossils.
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The westernmost Callaway outcrop is
about 10 miles east of Sedalia but it is
present in less than 5000 square feet, and
is less than ten feet thick. The Sedalia sec-
tion in figure 40 shows this patch of Calla-
way. The Callaway is present on the west
side of the Missouri River, 40 to 45 miles
east of Sedalia, where 1 it overlies the Cooper
unconformably and ranges from a few feet
to 30 feet in thickness. Near Lupus it
changes from all limestone to nearly all
sandstone in less than a mile.
The Callaway crops out almost uninter-
ruptedly from Providence on the east bank
of the Missouri River to near Warrenton,
66 miles to the east, and one small outcrop
is present about 12 miles southeast of War-
renton in western St. Charles County.
Northward it is covered by younger rocks
but reappears in about 21 miles on the north
side of the Cap-au-Gres fault. Its north-
ernmost outcrops are about 10 miles west
of Hannibal and its presence northward to
near the Iowa line has been determined
from well cuttings.
The Callaway correlates roughly with
part of the Hamilton of New York, St.
Laurent of southeastern Missouri, Cedar
Valley of Iowa, and Delaware of Ohio.
Of 25 species identified from the Callaway,
11 are present in the Cedar Valley of Iowa.
Few species of the immigrant fauna that
came into Iowa from the northwest during
late Middle Devonian reached the Calla-
way area.
Snyder Creek Formation
The most typical section of the Snyder
Creek is near New London. It is made
up of three members as follows:
Thickness
Ft.
Top member of white to buff very fine-
grained sandstone in beds up to 8 inches thick
which alternate with beds one to two inches
thick of white sandy shale 3
Brown to bluish-brown sandy shale which
weathers to yellowish brown. Some lime-
stone nodules. Shale not in thin layers. Ex-
tposure
too imperfect for accurate description. 15
Nodular limestone interbedded with shale.
All light gray weathering to light yellow.
Athyris fultonensis (Swallow), Atrypa reticu-
laris
_
(Linnaeus), Spirifer annae (Swallow),
Cyrtina triquetra Hall, Stropheodonta demissa
(Conrad), Stropheodonta boonensis Swallow,
Zaphrentis sp., Paracyclas elliptica Hall and
Pleurotomaria isaacsi Hall and Whitfield are
common fossils 15
Total thickness 33
In places the formation is three or four
feet thick and made up entirely of shale.
Its outcrops are patchy and are present in
an area 42 miles east and west by 24 miles
north and south. The westernmost outcrop
is near Fulton, easternmost near Warren-
ton. It is unknown from well borings in
other parts of Missouri.
In a paper read at Champaign, Illinois,
in November 1940, H. S. McQueen listed
the Snyder Creek from wells in north-
western Missouri. The writer considers the
northwestern Missouri formation as Grassy
Creek but he has no positive evidence from
fossils.
Eleven of the Snyder Creek species have
been reported from the Milwaukee forma-
tion of Wisconsin, seven from the Devonian
of the Mackenzie region, and many from
the Upper Devonian of Maryland, New
York, and Ontario. It should probably be
correlated with the Tully or Genessee,
Upper Devonian, of New York.
Grassy Creek Shale
Near Louisiana, northward to about 10
miles west of Hannibal, and southward to
Castlewood, the Grassy Creek shale crops
out in many places. At Castlewood it rests
on the Maquoketa (Upper Ordovician), in
many places in the other outcrops shown
in figure 42, Callaway underlies it, but in
a few places the Noix oolite (Lower Silu-
rian) and the Bowling Green (Lower Si-
lurian) are the contact formations. About
two miles southeast of Warrenton a small
mass rests on Kimmswick (Middle Ordo-
vician) and two or three very small patches
lie on the Callaway in the bluffs of the
Missouri River, 8 to 10 miles southeast of
Lupus.
The Grassy Creek is made up of thin-
bedded fissile black shale for the most part,
ranges in thickness from an inch or two
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to about 80 feet. In places the shale is
bluish or greenish but such colors are due
to differential weathering and the blue or
green gives place to black where a few feet
of surface materials are removed. It is im-
possible to distinguish Grassy Creek shale
from Maquoketa shale in some places by
lithology alone.
On Grassy Creek, six miles west of
Louisiana, both Keyes and Rowley included
Grassy Creek and Maquoketa together as
one formation and called it Grassy Creek. 7
In early papers by Keyes, 8 Rowley, 9 and
Branson10 the Grassy Creek was referred
to the Upper Devonian although the fossils,
excepting the fishes, were not diagnostic.
In 1911 Ulrich11 referred the Grassy
Creek, part of the Ohio shales, and part of
the Chattanooga shales to the Lower Mis-
sissippian, and from that time to 1933 near-
ly all writers on the Devonian referred
these formations to Lower Missisippian.12
In 1933 Branson and Mehl again referred
the formation to Upper Devonian on the
basis of conodonts and other fishes. They
refuted the evidences for the reference of
Chattanooga and part of the Ohio shales
to Lower Mississippian. They also called
attention to the incorrect use of the term
Saverton for green phases of the Grassy
Creek.
The Sweetland Creek shale of Iowa is
equivalent to the Grassy Creek as deter-
mined by conodonts.
In the area north of the Cap-au-Gres
fault the Grassy Creek is overlain con-
formably by the Louisiana limestone (Up-
per Devonian) and unconformably by the
Hannibal formation (Lower Mississippi-
an).
7 Branson, E. B., and Mehl, M. G., Conodonts from the
Grassy Creek Shale of Missouri: Univ. of Missouri Studies,
vol. 8, p. 173, 1933.
8 Keyes, Chas. R., Some geological formations of the
Cap-au-Gres Uplift: Jowa Acad. Sci. Pros. vol. 5, p. 63,
1898.
p Rowley, R. R., Geology of Pike County, Missouri:
Missouri bur, Geol. and Mines, vol. 8, pp. 24-26, 1908.
10 Branson, E. B., The Devonian fishes of Missouri:
Univ. Missouri Bull. vol. 15, no. 31, pp. 59-74, 1914.
11 Ulrich, Edward O., Revision of the Paleozoic systems:
Geol. Soc. Am. Bull. vol. 22, p. 426, 191 I.
!2See references by Branson and Mehl in Conodonl
Studies, Number Three. The University of Missouri Studies
pp. 171 183, |
Louisiana Limestone
The Louisiana limestone occurs only near
Louisiana, does not extend far north of
Hannibal or as far south as Elsberry (fig.
42). Its greatest thickness is about 40 feet
and it is very irregular. The top was deep-
ly eroded before the Hannibal (basal Mis-
sissippian) sea transgressed.
Swallow13 called the Louisiana the
Lithographic limestone. The rock is a very
compact fine-grained limestone, most of it
in beds less than six inches thick. Fossils
are rare or absent from most of the beds.
Swallow first listed the Lithographic as
Devonian, Hall14 called it Devonian,
Keyes15 first considered it Mississippian,
later Devonian, 16 still later Mississippian, 17
and recently has again referred it to the
Devonian. 18 Probably the strongest evi-
dence for its Devonian age is that it con-
tains no productids excepting one species
of Productella. Recently it has been found
that it contains an Upper Devonian con-
odont fauna and lacks entirely the charac-
teristic Lower Missisippian conodont genera
which are present in the overlying Han-
nibal sandstone and the Bushberg sandstone.
Overlying Formations
In northeastern Missouri the Hannibal
sandstone is the basal Mississippian forma-
tion and rests on several Devonian for-
mations. From Sedalia to Castlewood the
Bushberg sandstone is the basal Mississip-
pian formation and rests on various forma-
tions from Jefferson City of Lower Ordo-
vician to Grassy Creek of Upper Devonian.
The Hannibal and the Bushberg carry a
large number of species of productids but
no Productella whereas the Louisiana and
Snyder Creek carry Productella but no
other productids.
13 Swallow, G. C, M'SSOUI"i Geol. Survey, 1st and 2nd
Ann. Repts., p. 105, 1855.
14 Hall, James, Observations upon tf)e Carboniferous
limestones of the Mississippi Valley: Am. Jour. Sci., vol.
73, p. 189, 1857.
15 Keyes, Charles Rollin, The Principal Mississippian
Section: Geol. Soc. Am. Bull. 3, p. 288, 1892.
16 Keyes, Charles Rollin, Relations of the Devonian and
Carboniferous in the Upper Mississippi Valley: St. Louis [
Acad. Sci., Trans., vol. 7, p. 359, 1897.
17 Keyes, Charles Rollin, Kinderhook Stratigraphy: Jour.
Geol. vol. 8, p. 316, 1900.
18 Keyes, Charles Rollin, Genetic Revision of Devonic of
Missouri: Pan-Am. Geologist, vol. 74, p. 59, 1940.
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Summary
As descriptions of all of the Devonian
formations listed in this paper are given in
the Devonian of Missouri and in the article
on the Conodonts from the Grassy Creek
shale of Missouri, listed in the references
in the text, the details have not been re-
peated.
New matter in this paper relates to the
Ashland formation which was listed as part
of the Callaway in the Devonian of Mis-
souri, p. 93. The Devonian of northwest-
ern Missouri is descussed on the basis of
H. S. McQueen's paper read at Cham-
paign, Illinois, in November, and from some
examinations of well cuttings which the
writer was invited to examine. Samples of
some of the well cuttings were furnished to
the writer by Mr. McQueen, but he has
not had time to examine them thoroughly
for fossils.
THE DEVONIAN SYSTEM IN IOWA
Merrill A. Stainbrook
Texas Technological College, Lubbock
The material on which this paper is
based is derived from surface studies
of the Iowa Devonian, mainly of the
lower formations ; published well logs, many
of which are differently interpreted in some
details ; and study of the Devonian portions
of well samples in the Iowa Geological Sur-
vey collections—an undertaking but lately
begun by the present writer.
It is not the writer's purpose to discuss
the strata in detail, as most of the forma-
tions have been adequately described, but
rather to summarize present knowledge, to
present newly discovered facts, and to point
out problems for future investigation. Some
of the conclusions regarding the subsurface
nature of the formations are necessarily sub-
ject to future verification and change as
additional information accumulates.
Devonian Formations of Iowa
System Series Formation Member
? ? Sheffield
Lime Creek
fOwen
< Cerro Gordo
[juniper Hill
Devonian Upper Shellrock
fNora
<^
Rock Grove
[Mason City
Cedar Valley.
.
Independence
fCoralville
J
Littleton
[Linwood
? ? Wapsipinicon.
'Davenport
Spring Grove
< Kenwood
Otis
Coggon
The State Quarry limestone is post-Cedar
Valley but its position in the column is un-
known at present.
WAPSIPINICON FORMATION
The Wapsipinicon1 beds are regarded as
the basal division of the Devonion of Iowa.
Five members are recognized in ascending
order: Coggon, Otis, Kenwood, Spring
Grove, and Davenport. In general the
members are conformable. However at
Vinton and Cedar Rapids, basal breccias,
variations in thickness, and undulatory con-
tacts indicate that above and below the
Spring Grove there may be local uncon-
formities of diastemmic proportions.
The Coggon is predominantly a dolomite,
fossiliferous, occasionally cherty, and with
local sand and clay beds at the base. The
Otis is a sub-dolomitic limestone, more or
less lithographic at the top, and carrying
a few fossils. The Kenwood is a blue non-
fossiliferous shale and limestone of variable
lithology. The Spring Grove is a nonfos-
siferous thinly laminated dolomite which
weathers into thin plates; at Linwood it
has a thin layer of gypsum at the top. In
drill cuttings this member has a character-
istic brown-sugar appearance. The Daven-
port is a white or light blue-gray litho-
graphic limestone which may be brecciated
in places. In includes only the lower non-
fossiliferous portion of the Davenport beds
of Norton as the fossiliferous upper part is
referred to the Cedar Valley. 2 Likewise
it does not include the "Vinton phase" of
Scobey 3 which is shown by its fossils to be-
long to the Cedar Valley. The lithology
of the upper part of the Wapsipinicon for-
mation indicates a change in sedimentation,
shown by the deposition of beds predom-
inantly of chemical origin. Lack of fossils
in the uppermost three members demon-
strates that conditions also were unfavor-
able for life.
1 Norton, W. II., 189S, Iowa Geol. Surv., vol. IV, p.
121 et seq.
2 Stainbrook, M. A., Ninth Ann. Field Conf., 1935,
Kans. Geol. Soc, p. 255.
3 Scobey, E. II., 1940, Jour. Seel. Petrol, vol. 10, no. 1,
p. 43.
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The Wapsipinicon outcrop forms a nar-
row belt along the eastern edge of the De-
vonian area of Iowa from Fayette County
to Rock Island, Illinois. It widens in Linn
and Cedar counties where all members ap-
pear in the section. Below the surface the
beds appear to be present over most of
Iowa to the west and south except in the
northwest corner. Thickness of the exposed
beds is about 100 feet, but well sections
indicate that thicknesses of several hundred
feet may be attained in southern and central
Iowa.
The formation lies unconformably on the
Silurian in most places but may occur on
Maquoketa and Galena. A basal shaly and
sandy phase may be present as seen at Lime
City in Cedar County, Iowa. Northward
along the outcrop the higher members over-
lap the lower until they in turn disappear
in Fayette County. Southeastward the same
condition is probably true.
Lithologically the subsurface Wapsipini-
con may differ considerably from surface
exposures. In the southeastern and central
portions of the State are beds containing
much gypsum and anhydrite. Formerly
these gypsiferous beds were placed in the
Silurian as part of the Salina series. Sev-
eral 4 have suggested that these gypsiferous
beds are Wapsipinicon. At Washington,
Ottumwa, and Keokuk the beds in question
occur directly below the Cedar Valley and
are interbedded with strata of Davenport
and Spring Grove lithology. Otherwise
interpreted the Wapsipinicon is necessarily
absent at these places and elsewhere, and
the Silurian has considerable lithographic
limestone previously unknown in this sys-
tem in Iowa. On the other hand, the pres-
ence of a thin layer of gypsum in the Spring
Grove at Linwood supports reference of
the gypsiferous beds to the Wapsipinicon.
The procedure changes considerably the
picture of the subsurface Silurian and De-
vonian of Iowa. Delimitation of Wapsipin-
icon and associated beds from the Silurian,
determination of their thickness and of their
stratigraphic relationships above and below
await future investigation.
4 Tester, A. C, 1935, Ninth Ann. Field Conf. Kans.
Geol. Soc, p. 3 38; Conselman, F. B. 1939, oral com-
munication.
Although the Wapsipinicon is usually
placed in the Middle 5 or Upper Devonian,
there is little fossil evidence to support this
course. The only fossils favorably pre-
served are small brachiopods in the Otis
member. The writer has not succeeded in
identifying them with any described spe-
cies. The formation occurs in the interval
between known Upper Devonian and Mid-
dle Silurian and has unconformities above
and below. The dominantly chemical na-
ture of the sedimentation of the upper beds
of the Wapsipinicon, especially below the
surface, suggests relationship to a series of
like origin. But there is generally little
lithologic and facies similarity to the Lower
and Middle Devonian of eastern United
States. Exception should be noted in the
case of the Detroit River series of Michi-
gan 6 which has dolomite, anhydrite, and
salt. Possibility of the equivalency of the
Wapsipinicon with some part of the Detroit
River series or with the Salina should not
be rejected summarily. The age and cor-
relation of the Wapsipinicon remain for
future solution.
INDEPENDENCE SHALE
In 1878, Samuel Calvin 7 announced the
discovery of a dark shale below the Devo-
nian limestones at Independence, Iowa.
This shale he designated as Independence
and considered it the basal formation of
the Devonian as far as known. Then and
later 8 he observed that the shale occurs im-
mediately below the lowest fossil-bearing
and occasionally brecciated layers of the
Cedar Valley limestone. Since then a num-
ber of geologists9 have expressed the opinion
that the Independence is Lime Creek shale
deposited in depressions, crevices or caves
in the Cedar Valley. Others have expressed
the same views verbally. Norton, 10 how-
SUlrich, E. O., 1911; Savage, T. E., 1920, Amer. Jour.
Sci., vol. 49, p. 179-182; Thomas, A. O., 1924, Iowa Geol.
Surv., vol. 29, p. 409.
6 Addison, C. C, 1940, Am. Assoc. Petroleum Geologists,
p. 1960.
7 Amer. Jour. Sci. 3rd ser., vol. 15, p. 460.
8 Calvin, S., 1898, Iowa Geol. Surv., vol. VIII, pp.
22-23.
9 Savage, T. E., 1920, Amer. Jour. Sci., p. 180; Stookey,
S. W., 1932, Iowa Acad. Sci., vol. 39, pp. 183 et seq.;
idem, 1933, vol. 40, pp. 133-134; idem, vol. 45, 1938,
p. 163 et seq.; idem, 1939, vol. 46, p. 227 et seq.; Scobey,
E. H., 1940, Jour. Sed. Petrol, vol. 10, no. 1, p. 38.
io Iowa Acad. Sci. Proc, vol I, pt. 4, p. 23, 1894;
Iowa Geol. Surv. vol. IV, p. 156-7, 1895.
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ever, correlated the Independence shale
with the nonfossilfferous Kenwood of the
Wapsipinicon. In 1935 the writer11 sub-
stantiated Calvin's original observations
but the scope of the paper did not permit
a review of the evidence. Conflicting opin-
ion12 regarding the position of the Inde-
pendence still exists. A brief review of the
evidence bearing on the position of the shale
is included since the correlation and deter-
mination of the age of the superjacent beds
depend in great part on the place of the
Independence in the geological column.
After intermittent search for outcrops
through twenty years, examination of avail-
able artificial exposures and study of well
samples and records, the writer can now
state that the field evidence indicates that
the Independence shale lies immediately be-
low the Cedar Valley limestone and above
the Davenport lithographic limestone. Shale
carrying Independence fossils may be seen
below Cedar Valley in a number of places:
the south bank of Little Bear Creek one
mile north of Palo ; the right bank of Pine
Creek four miles north of Quasqueton; the
left bank of the Wapsipinicon River three
miles north of Quasqueton ; and the right
bank of the Wapsipinicon one mile below
Independence. In a 20 foot vertical section
on the east bank of the Wapsipinicon, 5 feet
of fossil-bearing shale lies below 15 feet
of typical basal fossiliferous limestone con-
glomerate of the Cedar Valley and has
blocks of lithographic limestone at the base.
In sec. 5, Monroe Township, Linn Coun-
ty, fossiliferous Independence shale is pres-
ent below typical Gyroceras beds of the
Cedar Valley and above 5 feet of Daven-
port brecciated lithographic limestone. In
a recent quarry at Fairfax large chunks
of fossiliferous shale have been pulled up
in a sumphole from below the Cedar Valley.
Other occurrences also may be cited.
Exposures are mainly concentrated in
Benton, Buchanan, and Linn counties. In
many places the shale shows faulted rela-
tionship with the Cedar Valley. In nearly
all cases the shale abuts the basal or lower
11 Stainbrook, M. A., Ninth Ann. Field Conf. 1935,
K;m<. Geol. Soc, pp. 253-4.
12 M.-ni.-im, C. W., 1940, Geol. Sue. Amer.. Spec. Paper
no. 25, p. 67.
beds of the Cedar Valley and the throw
necessary to bring them up is only a few
feet. At no place can it be demonstrated
that the Independence shale lies on Cedar
Valley unconformably in a depression. No
exposure shows evidence that the shale is
later than the Cedar Valley. Also no Lime
Creek shale has been found lying on Cedar
Valley in the area where the Independence
shale occurs. Numerous other occurrences
of the shale need not be discussed here.
There are sinkholes in the Cedar Valley
limestone and some of them contain shale,
as at Moscow and Solon. But thus far,
examination of the shale for microscopic
fossils has revealed no Independence fossils.
All evidence indicates that the shale in the
filled sinkholes is Pennsylvanian. Sand-
stones and shales of that system are widely
scattered in eastern Iowa; for example at
Iowa City, Marion, Garrison, and Amana.
At the latter place Pennsylvanian sand-
stone and shale lie unconformably on Inde-
pendence shale.
Subsurface evidence bearing on the posi-
tion of the shale is considerable. Blue or
gray shale, 10 to 20 feet thick, has been
found below the Cedar Valley and above
Davenport in wells at these places: Atkins,
Watkins, Garrison, Vinton, Newhall, Cen-
ter Point and Shellsburg in Benton Coun-
ty; South Amana and Homestead in Iowa
County; and at Waverly in Bremer and
Clarkesville in Butler County. Independ-
ence fossils have been recovered from the
shale samples from wells at Shellsburg,
South Amana, and Homestead. In many
wells a shaly or sandy zone at the base
of the Cedar Valley appears to represent
the Independence: Oskaloosa, Brighton,
Mt. Pleasant, Ottumwa, Mitchellville,
Waukee, Dexter, Stuart, Ogden, Boone,
Fort Dodge, Letts, Nevada and others.
The formation thus appears to be pres-
ent over a considerable area in central Iowa.
It is absent between the Cedar Valley and
the Davenport south of Iowa City, in
Fayette County and northward, and in a
small area just north of Vinton. The shale
is thin and is apt to be disregarded in well
sampling and may have been lost or washed
away in some instances. Also the Inde-
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pendence is sometimes indistinguishable in
samples from the basal shaly phases of the
Cedar Valley. Its exact subsurface extent,
nature, and thickness remain to be worked
out.
The shale is gray or blue in color, some-
times greenish, or may be so carbonaceous
as to be black. Thin limestone layers carry
most of the fossils. The shale is sparingly
fossiliferous in general and locally may be
barren of fossils. As far as now known the
Independence is unconformable on the
Davenport and possibly unconformable be-
neath the Cedar Valley. The thickness is
variable but from well records and prospect
holes it appears to average about 20 feet.
The fauna of the Independence shale
is large, distinctive, and characterized by
Hypothyridina cf. emmonsi (Hall and
Whitfield), Rhynchonella ambigua Calvin,
Douvillinella variabilis (Calvin), Orthis
infera Calvin, Macgeea parva Webster,
Spirifer cf. disjunctus and species of Am-
bothyris and Arthracantha. Similarity to
the Lime Creek fauna has been noted by
Calvin13 and others, but study shows that
there are many varietal and even specific
differences between apparently similar
forms. Significant absences of typical Lime
Creek species from the Independence are
Spirifer hungerfordi Hall, Spirifer whitneyi
Hall, Floydia gigantea Webster, Cranaena
navicella (Hall) and any representative of
Prismatophyllum, Strombodes, Chonophyl-
lum, Cystiphyllum or Phillipsastrea (Pa-
chyphyllum) and many others. Similarity
of these faunas is easily explained on the
basis of similar facies and descent. Until
the Independence species have been de-
scribed and illustrated the differences be-
tween the two faunas cannot be fully appre-
ciated. Faunally the shale differs completely
from the Wapsipinicon and is more closely
allied to the Cedar Valley, as several spe-
cies are common to the two formations. It
is possible that the Independence might be
considered as the basal deposit of the invad-
ing Cedar Valley sea.
The Independence shale is Upper Devo-
nian in age. This is shown by the close
13 Calvin S., 1878; Thomas, A. O., 1921 ; Stookey, S. W.
1939.
relationship to the Lime Creek fauna and
by the presence of Hypothyridina cf. em-
monsi, Spirifer cf. disjunctus, Manticoceras
cf. regulare F.&F. Tornoceras uniangulare
Hall and Ponticeras stainbrooki Miller.
The latter named ammonite14 indicates
lower Upper Devonian. As the Independ-
ence precedes the Cedar Valley, all super-
jacent beds necessarily are younger. Thus
the assignment of the Cedar Valley to the
Upper Devonian by Savage, Thomas and
others is confirmed.
CEDAR VALLEY FORMATION
The Cedar Valley is predominantly lime-
stone and in some layers is often an aggre-
gate of shell fragments and corals. In places
it is lithographic, thinly at the base and
more so at the top, shaly or subdolomitic.
Secondary dolomitization is common in the
northern part of the exposed area. Three
members are recognized : 15 Linwood, Little-
ton, and Coralville. The members locally
may show diastems between them but else-
where are conformable.
The basal layers of the formation vary
considerably in lithology. In most places
as at Independence, Troy Mills and Robins
they are a conglomerate or breccia of lime-
stone blocks of assorted sizes and shapes and
may be from 20 to 30 feet thick. These
basal beds, as seen at Vinton and Fayette,
may be shaly or may be a breccia with blocks
of limestone in a shale matrix. They form
the Vinton phase of Scobey which, as noted
above, is now known to be Cedar Valley
and is the upper portion of the old "Fayette
breccia."
The Cedar Valley overlies the Independ-
ence shale probably unconformably. Else-
where it lies on the Davenport member of
the Wapsipinicon unconformably although
the disconformity is not everywhere greatly
apparent. At Vinton the Cedar Valley basal
breccia lies on Spring Grove where the
Davenport has been eroded. In northern
and western Iowa the Cedar Valley may
rest on Maquoketa or even Galena where
it overlaps the Wapsipinicon.
1 4 Miller, A. K., Geol. S
p. 70.
15 Stainbrook,
Kans. Geol. Soc
Amer. Special Paper no. 14,
M. A., 193 5, Ninth Ann. Field Conf.
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This formation is the most widespread
of the Devonian formations of the State.
It occurs at the surface over the major
portion of the mapped Devonian area and
extends into southern Minnesota and north-
western Illinois. Beneath the surface it ap-
pears to be present in most of the south,
central and western part of the State with
the exception of the northwest corner. Also
it apparently extends into Nebraska and
Kansas and into northern Missouri and
west-central Illinois. Limits of the forma-
tion are yet to be worked out. In drilling
samples the limestone is usually recognized
readily by its fossiliferous nature. Frag-
ments of brachiopods and corals, crinoid
segments and a large variety of Tentaculites
are not uncommon. Surface thickness aver-
ages over 100 feet but in wells the thick-
ness may be twice as much.
The Cedar Valley is correlated with
the Devonian of adjacent states as follows.
The Linwood member appears to be equiv-
alent to the Lake Church15a and possibly
to the Thiensville of the Wisconsin Devo-
nian. The Littleton correlates with the
Milwaukee member, for beds carrying
Stropheodonta halli Cleland and its asso-
ciated fauna occur at the base of each.
Zone C of the Milwaukee has its counter-
part in the upper Littleton. In the neigh-
borhood of Rock Island, Illinois. Savage16
has shown that beds corresponding to all
zones of the Cedar Valley are present.
Farther south along the Mississippi the
waterlooensis zone of the Cedar Valley is
readily recognized at Annada, Missouri.
Across the river in Calhoun County, Illi-
nois, nearly all zones of this formation are
represented. In the first hollow south of
Kritesville 17 there are beds correlated with
the profunda zone of the Linwood. In Salt
Spring Hollow the beds are correlated with
the bellula, pentamerella and waterlooensis
zones of the Littleton. At the top is the
quartzite layer, probably correlated with
the basal Coralville.
The writer agrees with Savage18 in cor-
relating the Cooper and the Mineola of
Missouri with the Cedar Valley. Generi-
cally the faunas of the Mineola and of the
Cedar Valley are perfectly parallel. Besides
the species common to both formations listed
by Branson and Savage, one other, Camero-
phoria (Pugnoides) swallovi (Branson)
may be mentioned. The Callaway is ap-
proximately equivalent to the Littleton
member of the Cedar Valley. In addition
to species listed by Branson 19 as present in
the two formations are the following:
Martinia halli Branson, Athyris vittata
Hall, Rensselandia missouriensis Swallow,
Carnerophoria (Hypothyris) gregeri (Bran-
son), Syringothyris occidentalis Swallow,
and Cyrtina missouriensis Swallow. The
Cedar Valley also has several species which
are present in the Snyder Creek as : Spirifer
annae Swallow, Crania famelica Hall and
Whitfield, Cyrtina triquetra Hall, Pleuro-
tomaria issacsi Hall and Whitfield, Proetus
crassimarginatus Hall and Spirorbis omphal-
oides (Goldfuss) which emphasize the re-
lationship between them suggested by Sav-
age. The lack of diagnostic Lime Creek
fossils in the Snyder Creek shale indicates
that the relationship between them is not
close.
In northwestern Missouri the uppermost
Devonian of the Forest City well may be
Cedar Valley. Equivalent beds are found
in the Clarinda and Bedford wells in Iowa.
In central Kansas the Ediger limestone
as has been suggested20 is probably equal
to the Callaway and Mineola and to the
Cedar Valley. There is at hand a small
piece of core of Ediger limestone which has
among its fossils long winged Spirifers and
a Cyrtina strongly suggestive of Cedar Val-
ley forms, as are the fossils listed from the
Ediger by Hall. Lithology indicates simi-
larity of deposition to that of the Cedar
Valley as there is a sandstone at the base
of the Ediger. Johnston21 notes that the
Spirifers of the Ediger are plicate in the
fold and sinus, a feature characteristic of
iSaRaasch, G. O., 1935, Ninth Ann. Field Conf. Kans.
Geol. Soi . )). 261 e1 sej.
l« Savage, T. E., Illinois Stale Acad. Sci. Trans, vol. 14,
pp. I 10, 1921.
17 Cooper, G. A. and Cloud, P. E., 1938, Jour. Paleo.
12, 444-445.
1 8 Savage, T. E., 1925, Tour. Geol. vol. 33, pp. 554-558.
19 Branson, E. B., 1922, Dev. of Mo., p. 35.
20 Hall, Roy, 1934, Am. Assoc. Petroleum Geologists
Feb., p. 266.
- 1 Johnston, L. A., 1934, Tulsa Geol. Society Digest,
p. 17.
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the Upper Devonian and later. The primi-
tive Endothyra mentioned by Hall suggests
one which is present in the Independence
shale.
The Cedar Valley is regarded as Upper
Devonian in age. It overlies the Independ-
ence shale which has typical Upper Devo-
nian fossils. In its faunal relationships, it is
closely related, generically, to the Shellrock
and the Lime Creek which are universally
acknowledged to be Upper Devonian. The
Cedar Valley fauna shows no specific affini-
ty with the Hamilton of the east or to its
more western representatives, the Traverse,
Sellersburg and St. Laurent. Its fauna does
not seems to warrant reference to forma-
tions older than the Hamilton. A more
extended discussion of the evidence bearing
on the age of the Cedar Valley must be
left to a later paper.
SHELLROCK FORMATION
The Shellrock consists of lithographic
and dolomitic limestones and of thin shales.
There are three members in ascending
order : Mason City, Rock Grove and Nora,
which have a maximum thickness of 65
feet. 22 It crops out mainly in a small area
in western Floyd County and adjacent parts
of Mitchell, Cerro Gordo and Butler coun-
ties, but may be present to the west beneath
the thick cover of drift. The subsurface
distribution is imperfectly known as it is
difficult to distinguish from the Cedar
Valley on which it lies unconformably. In
central Iowa, part of the Cedar Valley
noted as present in some wells may be Shell-
rock. The subsurface thickness, lithology,
and relation are unsolved problems.
The fauna of the Shellrock is large and
not yet wholly described. Generically it is
related to the Lime Creek above and the
Cedar Valley below but apparently has no
species in common with either formation.
It is Upper Devonian in age. At the present
time there is no known correlative of the
Shellrock.
22 Belanski, C. H.
317, et seq.
1927, Amer. Midi. Nat. vol. 10,
LIME CREEK FORMATION
The Lime Creek has three members : the
Juniper Hill at the base comprising about
45 feet of sparsely fossiliferous blue shale;
the Cerro Gordo, an exceedingly fossilifer-
ous shale in the middle ; and the Owen lime-
stone, dolomitic and fossiliferous and about
40 feet thick. The formation lies uncon-
formably on the Shellrock in the north and
on the Cedar Valley by overlap southward
to Tama County. Exposures are mainly
limited to western Floyd and eastern Cerro
Gordo counties. It is probably the bedrock
of a considerable area in Cerro Gordo and
Hancock counties but exact limits cannot be
assigned now. Below the surface the Lime
Creek probably extends southward as far
as Story and Tama counties but further
studies of well samples will be necessary
before the distribution can be blocked out.
The Lime Creek correlates with the
Martin limestone of Arizona and equiva-
lent beds in Nevada. It appears to be older
than the Ouray and other beds carrying
Camarotoechia endlichi. The fauna of the
formation, characterized by Spirifer hun-
gerfordi Hall and Spirifer whitneyi Hall, is
Upper Devonian. It appears to correlate
with the High Point 23 beds of New York.
SHEFFIELD FORMATION
Discussion of the Sheffield formation in
a paper on the Devonian system may be
inappropriate, since many geologists regard
it as Mississippian in age. Its position in
the geologic column is controversial at the
present time as Laudon 24 considers it to be
Upper Devonian. Moore25 has correlated
the Sheffield with the Maple Mill and
English River and their Missouri equiva-
lents, the Louisiana, Glen Park, and Han-
nibal. Branson26 has lately stated that the
Louisiana and the Glen Park are Upper
Devonian in age. If this assignment is true
then the Maple Mill is Devonian and the
probability of Moore's correlation of Shef-
23 Clarke, J. M., 1885, U. S. G. S., Bull. 16, p. 106 et
seq.; Calvin, S., Amer. Tour. Sci., vol. 25, 1883, pp. 432-
436.
24 Laudon, L. R., 1935, Ninth Ann. Field Conference,
Kans. Geol. Soc. p. 246.
25 Moore, R. C, 1935, idem. p. 245.
26 Branson, E. B., 1938, Univ. Mo. Studies, vol. 13, no.
3, P . 5.
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field and Maple Mill is thereby strength-
ened. The present writer has not studied
these formations in the field or in well
samples sufficiently to contribute to the
problem.
The numerous logs of deep wells of Iowa
and well-sample suites show that nearly
everywhere thick shales overlie the Devo-
nian formations—Cedar Valley for the most
part and Lime Creek in the north-central
portion of the State. In general, the shales
appear to be similar lithologically, have the
same stratigraphic position in wells, and
logically would appear to be one shale body.
If the Sheffield and the Maple Mill are
two separate bodies of shale, one apparently
thickens as the other becomes thinner. Sur-
face studies apparently fail as drift deeply
covers the area where the two formations
join or overlap. Future study of deep well
samples from this area may determine their
relationship.
The fauna of the Sheffield has never
been described and illustrated. Some of the
species appear to be new forms and hence
shed little light on the correlation of the
formation. Laudon27 has given a list of
species but some of the determinations are
based on internal molds. The genus Cleio-
thyridina is represented and one of the
Spirifers may be Brachythyris. To the
writer it appears that the fauna must be
studied further before the age of the forma-
tion is definitely settled.
27 Laudon, L. R., 1930. Iowa Acad. Sci., vol. 37, p. 251,
et seq.
STATE QUARRY FORMATION
The State Quarry is a local formation
which crops out in several small scattered
areas in Johnson County near Solon and
North Liberty. It is limestone composed
almost wholly of shell fragments, is about
40 feet thick and lies in erosion channels
unconformably on the Cedar Valley. Thus
far it has not been recognized below the
surface in well samples but may be present
in some areas as it would not be distin-
guished easily from the Cedar Valley.
The fauna, 28 which is characterized by
abundant fish remains, is fairly well known
but gives little assistance in determining
the relative age of the formation. Generi-
cally it is similar to that of the Cedar
Valley but is wholly different specifically.
There is no evidence that the State Quarry
correlates with either the Shellrock, Lime
Creek or the Sheffield. In adjacent states
there is no formation which has a fauna
similar to that of the State Quarry. The
writer suspects that if similar strata are
found in the future, they will be in north-
ern Missouri.
The formation belongs to the Devonian
system without doubt, and to the Upper
series as indicated by the fish fauna and the
brachiopod Pugnoides. But other than the
fact that it is considerably younger than
the Cedar Valley, little else at this time
can be said concerning its age.
28 Calvin, S., 1897, Iowa Acad. Sci. vol. IV, pp. 16-21;
Eastman, C. R., 1908, Iowa Geol. Surv. vol. 18; Stain-
brook, M. A. and Ladd, H. S., 1924, Iowa Acad. Sci. vol.
31, pp. 353-366.
SUBSURFACE GEOLOGY OF THE DEVONIAN SYSTEM
IN ILLINOIS
L. E. Workman
Geologist and Head, Subsurface Division, Illinois State Geological Survey
Both the Devonian and the under-
lying Silurian systems in Illinois
consist essentially of limestones and
dolomites. Throughout a large part of the
Illinois basin these rocks are similar in litho-
logic characteristics above and below their
contact so that it has been, and still is, diffi-
cult to separate the two systems. Conse-
quently, the interpretation of the subsurface
geology of the Devonian system is closely
related to the interpretation of that of the
Silurian system, and it is well to introduce
here a short description of the Silurian.
Devonian-Silurian Isopach Map
An isopach map showing the combined
thickness of both systems is shown in figure
43. For the purpose of this map the top of
the Devonian is considered as the top of the
limestone below the Kinderhook-New Al-
bany shale, regardless of the possible Devo-
nian age of part of the shale, and the base
of the Silurian is the contact of the basal
Silurian limestone or dolomite on the Ma-
quoketa shale.
The isopach map shows an area in west-
central Illinois and another in southwestern
Illinois where the two systems are thin or
absent. Doubtless these two areas are
joined through east-central Missouri to
form a single area. In the north half of
the mapped area the thickness of the two
systems increases eastward relatively slow-
ly. In the south half, the combined thick-
ness increases rapidly eastward from the
edge of the Ozark uplift of Missouri. Max-
imum thicknesses are attained along an arc
extending southward from the vicinity of
T. 25 N., R. 7 E., western Ford County,
to near the junction of Wabash and Ohio
rivers and westward to the vicinity of T.
11 S., R. 2 W., Union County. The gen-
eral westward curve of the southern end of
the arc agrees with data on a well in Trigg
County, Kentucky, which would indicate
that the 1500-foot contour extends almost
due south from the eastern end as shown.
The two systems are not proportionately
represented in the variations in thickness.
Practically all of the thickening north-
westward from the area of little or no De-
vonian and Silurian strata is due to Devo-
nian only. On the other hand, most of the
thickening eastward and southward as far
as a zone extending in a southwest-northeast
direction through the vicinity of T. 5 N.,
R. 9 W., Madison County, and T. 13 N.,
R. 10 E., Coles County, is due to thicken-
ing of the Silurian only. South of this zone
the Devonian strata thicken and the Silu-
rian strata thin.
The cross-sections along lines shown on
the index map (fig. 44) show the subsur-
face relations of strata using the top of the
Devonian limestone as a datum plane.
Subsurface Stratigraphy
silurian system
The Silurian strata are grouped into the
Alexandrian series below and the Niag-
aran series above. The Alexandrian series
consists of the thin basal Edgewood sandy
dolomite or limestone followed above by
the equally thin Sexton Creek (in southern
Illinois) or Kankakee (in northern Illi-
nois) formation, which consists of fairly
pure, light colored, crystalline limestone or
dolomite.
In southern Illinois the Niagaran series
is represented by the Bainbridge formation
which is a very fine-grained argillaceous,
silty, and more or less dolomitic limestone,
especially characterized by red, buff, and
greenish-gray mottling. In the upper few
feet to 40 feet the red and green tints de-
crease in prominence and the rock is light
to medium brownish-gray. Coarse calcite
grains from crinoid fragments are scattered
[189]
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Fig. 44.—Index map of Devonian cross-sections.
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B
Fig. 45.—Cross-sections of Devonian formations along lines AB and BC.
in the very fine matrix. Northward, near
the Madison-Coles counties zone where
thicknesses change rapidly, the red color
disappears leaving greenish tints, and above
the silty rock there appears a considerable
deposit of white to light gray fairly pure
dolomite similar to the upper Silurian of
northeastern Illinois. The upper limit of
the red rock is indicated by the dotted line
on cross-sections ABC and EF (figs. 45,
46).
DEVONIAN SYSTEM
difficult because drilling has been carried
on between two widely separated areas of
outcrop in each of which the strata have
different characteristics and have been var-
iously correlated. In the southern end of
the State a thick section in Union County
shows the following succession, as given by
J. Marvin Weller: 1
Devonian system
Upper Devonian series
Chautauquan group
Mountain Glen shale
Senecan group
Alto limestone
The identification of Devonian forma- 1 Weller, J. Marvin, Geology and oil possibilities of ex-
treme southern Illinois: Illinois Geol. Survey Report of
Investigations No. 71, page 16, 1940.tions in wells in the Illinois basin has been
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Fig. 46.—Cross-sections of Devonian formations along lines DE and EF.
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Middle Devonian series
Erian group
Lingle limestone
Ulsterian group
Grand Tower limestone
Dutch Creek sandstone
Clear Creek chert
Lower Devonian series
Oriskanian group
Backbone limestone
Grassy Knob chert
Helderbergian group
Bailey limestone
In northwestern Illinois near Rock Island
two formations are recognized in outcrops:
Devonian system
Cedar Valley limestone
Wapsipinicon limestone
Earlier Devonian Formations
Bailey limestone.—Overlying the Siluri-
an Bainbridge limestone in southern Illi-
nois is the brownish-gray very fine-grained
Bailey limestone of Devonian age. This
formation is more or less dolomitic, cherty,
and silty, being especially impure in the
lower 100 feet or so. The chert is typically
dull and light brownish-gray and contains
microscopic flakes of dark brown bituminous
material. Small spores are present in small
numbers to the very bottom of the forma-
tion.
The contact of Bailey limestone on Bain-
bridge limestone in southern Illinois is fair-
ly easily distinguishable in the sample-cut-
tings. The brownish silty siliceous cherty
Bailey limestone contrasts with an almost
lithographic type of light greenish to pink-
ish-gray and brownish-gray non-cherty lime-
stone of the Bainbridge. However, north-
ward near the Madison-to-Coles-counties
zone Silurian and Devonian strata at their
contact are apparently quite similar in their
color and in their chert, silt, and dolomite
content. The Silurian strata are greenish-
gray to gray ; the Bailey limestone is brown-
ish-gray to gray. The chert and silt content
of the Silurian strata increase to be similar
to that of the Bailey formation. The dolo-
mite content of the Bailey formation in-
creases to be similar to that of the Silurian
strata.
The Bailey limestone laps up on the
southern side of the northward-thickening
Silurian dolomite.
Grassy Knob limestone.—The Grassy
Knob chert in Union County of southern
Illinois, as described by J. Marivn Weller, 2
consists of a light gray to white novaculitic
chert with interbedded layers of impure
limestone grading upward from the Bailey
cherty limestone. As in the outcrop region,
the contact between these formations is not
recognized in the subsurface. The Grassy
Knob formation is considered to occupy ap-
proximately the upper half of the interval
between the base of the Devonian system
and the base of the Backbone limestone.
The Grassy Knob formation in the subsur-
face is a cherty dolomitic light brownish-
gray limestone with texture ranging from
very fine-grained to coarsely crinoidal.
Chert is abundant, consisting of both dense
waxy and granular chalky varieties.
Backbone limestone.—The Backbone
limestone is white with some pink and
green grains, coarsely crystalline, and cri-
noidal. Chert is not common but is present
in some wells. The formation is reported
to be 200 or more feet thick in the outcrop
region of Union County. 3 The thickest sec-
tion thus far observed in wells is 125 feet in
Lawrence County (well 16). The well
samples suggest that it may be unconform-
able with the overlying Clear Creek chert.
In Wayne County (well 26), it is 36 feet
thick and in Jackson and Randolph coun-
ties (wells 19 and 18), it is very thin. It
is possible that the Backbone formation
thins out and is absent from between the
Grassy Knob and Clear Creek formations
in some parts of the Illinois basin.
Clear Creek limestone.— The Clear
Creek limestone is similar to the Grassy
Knob limestone in that it is dolomitic, light
brownish-gray, very fine- to coarse-grained,
crinoidal, and contains an abundance of
light brownish-gray waxy and chalky chert.
It contains scattered glauconite grains. As
in the outcrop region it is difficult to dis-
tinguish between the Clear Creek and the
Grassy Knob formations, and the separa-
tion in the cross-sections is based almost
entirely on the presence of the Backbone
limestone. In those parts of the subsurface
2
J. Marvin Weller, op. cit. page 22.
3
J. Marvin Weller, op. cit. page 23.
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where the Backbone formation is believed
to be absent and the cherty light brownish-
gray limestone is interpreted as only Bailey
and Grassy Knob formations, it is possible
that the Clear Creek formation also is rep-
resented, resting directly on the Grassy
Knob formation.
In wells in Wayne (well 26) and Law-
rence (well 16) counties there are zones
of coarsely crystalline white and pink cri-
noidal limestone in the upper part of the
Clear Creek formation that are identical in
appearance to the Backbone limestone. It
appears possible that this type of pure
limestone may be a recurrent more or less
local type of deposition that is characteristic
of the Clear Creek.
Unidentified formation.—In cross-section
BC (fig. 45) an unidentified formation is
shown as "X." This consists of a cherty
white to light gray, very fine, more or less
vesicular dolomite. At its base is to 10
feet of sandy, very fine to coarse dolomitic
limestone grading to dolomite. In appear-
ance and texture, the dolomite suggests Si-
lurian dolomite. The strata may be inter-
preted in various ways, at the same time
bringing out the problem of Devonian-
Silurian correlations.
Overlying, as it does, the light brownish-
gray very cherty limestone typical of the
Grassy Knob-Bailey rock, this unidentified
formation may be either a formation not
elsewhere represented in the earlier Devo-
nian succession or it may be a dolomitized
remnant of the Backbone limestone. The
facts that it contains no pink or green colors,
that there are no suggestions of its having
ever been a coarse-grained limestone, and
that it contains considerable white chert
all argue against its being the Backbone
limestone. Thus, it appears more likely
to be a formation deposited after the Bailey-
to-Clear Creek succession.
On the other hand, the unidentified for-
mation may be of Silurian age. If so, it
follows that the underlying cherty lime-
stone typical of the earlier Devonian strata
are also Silurian. This fits into the possibil-
ity that similar brownish cherty strata, ex-
posed and penetrated in a well at Momence,
Kankakee County, are considered Silurian.
This seems a reasonable possibility, but the
writer has thus far been unable to trace
southward to the Union County area of
outcrop a separation between Silurian and
Devonian strata made on this basis.
Later Devonian Formations
Wapsipinicon and Cedar Valley lime-
stones.—Devonian strata younger than the
Clear Creek are unconformable on older
strata in Illinois, overlapping all formations
down to the upper part of the Galena dolo-
mite of the Ordovician system. These for-
mations consist of limestones and dolomites,
characterized by a darker brown color than
those below and also by fine- to medium-
grained rounded sand which in places grades
to sandstone. Inasmuch as these formations
may be followed without essential changes
in characters southeastward from Rock
Island County as far as the Madison-Coles
counties belt and thence southward through
reasonable changes in characters into the
basin, they are here described first as they
occur in Rock Island County where they
are designated as the Wapsipinicon lime-
stone below and the Cedar Valley limestone
above.
The Wapsipinicon formation consists
typically of brownish-gray lithographic
limestone. It also contains brown very
finely crystalline dolomite, and in the lower
part finely crystalline sandy limestone. In
Macon and Shelby counties and elsewhere
along the Madison-Coles counties belt,
especially to the northeast, lithographic
limestone containing scattered, or "float-
ing," sand grains is interbedded or grades
into extremely fine, more or less sandy
brown dolomite. Southward the dolomite
content increases rapidly until the forma-
tion consists entirely of dolomite that is
more or less sandy grading to some sand-
stone, there being an accompanying slight
increase in size of the dolomite crystals.
In Marion County this dolomite is very
fine and porous, containing cavities as large
as a lead pencil, and constitutes the oil-
producing rock of the Salem pool. In a
well in eastern Clark County the dolomite
has been identified by the Indiana Geoligical
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Survey as the Geneva formation, the oil-
producing rock of western Indiana.
The sand content of the Wapsipinicon
varies laterally and irregularly. In Doug-
las, Coles, and Clark counties the formation
is especially sandy, and has at its base a
sandstone resembling the St. Peter which
is correlated with the Pendleton sandstone
of Indiana. Southwestward this sandstone
is probably the Dutch Creek sandstone of
Union County.
Inasmuch as the Dutch Creek sandstone
is overlain conformably by the Grand
Tower limestone, it appears that the Dutch
Creek sandstone and lower part, at least,
of the Grand Tower limestone is equivalent
to the Wapsipinicon limestone.
The Cedar Valley limestone, overlying
the Wapsipinicon in northwestern Illinois,
is brownish-gray, very fine- to coarse-
grained, and more or less dolomitic, argil-
laceous, and cherty. It is very fossiliferous
with corals and brachiopods, one of the most
easily recognized fossils in well-cuttings
being a very small Tentaculites. The for-
mation contains up to three zones of oolites.
Fine- to medium-grained rounded sand is
present in the limestone at various horizons
but is most prominent at the base. The
base is generally characterized by a peculiar
light-and-dark speckled coarse-grained, ar-
gillaceous limestone containing phosphatic
grains and nodules, grading to some shale.
Cores from Douglas and Coles counties and
sample-cuttings from Shelby County suggest
that at least locally the horizon is conglom-
eratic.
In McDonough County the basal sandy
limestone of the Cedar Valley grades down-
ward to a true sandstone known as the
"Hoing sand" of the Colmar-Plymouth oil
field.
The stratigraphic succession suggests that
the Cedar Valley may be the upper part
of the Grand Tower or the Lingle lime-
stone in southern Illinois. In the deepest
portion of the basin is an upper more
argillaceous zone which may be the Alto
limestone. This is believed to correspond
to "Zone I" in Kentucky as described by
Louise Barton Freeman.4
Isopach Map of Later Devonian
Formations
The accompanying isopach map (fig. 47)
shows the combined thickness of strata
above the unconformity at the base of the
Wapsipinicon limestone and Dutch Creek
sandstone formations. This shows areas in
western and central Illinois where the later
Devonian formations are absent. However,
as additional sets of cuttings from wells
inside the borders of the central area are
being studied, Devonian strata as much as
5 feet thick are being found at various loca-
tions, especially near the borders of these
areas. Thus it appears that the areas where
no Devonian is indicated may be consider-
ably smaller than shown, or even that Devo-
nian remnants may be found scattered all
over the areas.
The Cedar Valley and Wapsipinicon
strata thicken outward from the central
Illinois area of little or no Devonian at
rates ranging from 1 to 3.5 feet per mile.
A notable exception occurs in Adams Coun-
ty where the strata thicken westward at
a rate of about 12 feet per mile, reaching a
known maximum of 163 feet.
Local belts of relatively thicker and thin-
ner strata extend northward from the area
of little or no Devonian, one belt of thicker
strata being the one which crosses through
Mason, Menard, and Sangamon counties.
Two broad east-west belts of relatively
thicker strata extend from Macoupin and
Madison counties towards Edwards County,
and from southern Jackson and northern
Union counties to Gallatin County. Be-
tween these two belts are two belts of rela-
tively thinner strata. One extends from
Washington County northeastward through
Marion County to Clark County and the
other extends eastward from Marion Coun-
ty to Wabash County. Inasmuch as oil
is produced from the Devonian at several
locations along the Marion-Clark counties
belt these areas of relatively thinner strata
may represent more favorable areas for De-
vonian testing.
4 Freeman, Louise Barton, \ simple study of the De-
vonian in western Kentiukv, K\. Dept. Minos and Min-
erals, Series VIII, Bulletin IV, page 3, 1939.
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Fig. 48.—Sketch map of pre-Devonian areal geology of the Hancock-Adams county region.
It appears likely that the area in which
there is now little or no Devonian rock was
relatively high during the deposition of
Wapsipinicon and Cedar Valley strata and
so influenced the characters of these sedi-
ments. The most significant indication of
local influence on deposition thus far re-
vealed is the concentration of sand at the
northern point of the area of little or no
Devonian in southwestern McDonough
County to form the "Hoing sand" deposit.
This sand is a loose porous sandstone, simi-
lar to the St. Peter sandstone, and grades
upward into sandy to non-sandy dolomite.
So far as can be determined from available
data the sand at this horizon seems to be
concentrated in a belt trending east-south-
east through northern Schuyler County.
That this sand produces oil in the Col-
mar-Plymouth field may be due to the pe-
culiar geologic conditions illustrated by the
accompanying sketch map of the pre-Devo-
nian areal geology of the Hancock-Adams
counties uplift (fig. 48). Pre-Devonian
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uplift and subsequent erosion allowed Wap-
sipinicon and Cedar Valley strata to overlap
strata as old as the Galena formation. The
concentration of sand in the southwestern
part of McDonough County took place on
top of the brown bituminous lower part
of the Maquoketa shale. Subsequent local
doming made ideal conditions for an oil
field, there being a source rock below, a
porous sandstone in which oil might accum-
ulate, and the compact Devonian limestone
and Kinderhook-New Albany shale as cap-
rock. Other local domes may be present in
the general area, in which similar geologic
conditions prevail.
The northward promontory of the area
of little or no Devonian strata in Mason
County suggests a similar possibility for
local concentration of Devonian sand Un-
fortunately for prospecting in this region,
however, the rock directly underlying the
Devonian is probably Silurian dolomite in-
stead of Maquoketa shale.
List of Wells in Cross-Sections
Wells Location
Sec. T. R.
1. Walker-Giller No. 1 33 5N 8W
2. M. & N.-Aleshire No. 1 25 4N 5W
3. Mehmkin-Williams No. 1 18 4N 4W
4. Measley-Collins No. 1 . 20 4N. 4W
5. Reed-Long No. 1 28 IN 2W
6. Texas-Mueller No. 1 2 15N 13W
7. Alexander-Cockin No. 1 25 15N 9W
8. Phillips-Giller No. 1 15 UN 8W
9. Spence Bros.-Spence No. 1 13 8N 9W
10. Madison Coal Corp. Drill Hole No. 15 35 8N 6W
11. Huber-Kunz No. 1 11 6N 5W
12. Whitehead-Poland No. 1 26 6N 2W
13. Benedum, Trees-Van Zant No. 1 24 6N 1W
14. Kingwood-McWhorter No. 1 15 6N 6E
15. Pure-Redman No. 1 16 5N 10E
16. Ohio-Middaugh No. 23 32 4N 12W
17. Mason-Funk No. 1 14 IS 7W
18. Mabee-Wilson No. 1 3 4S 5W
19. Stanolind-Leiner No. 1 20 7S 4W
20. Devonian outcrops US 2W
21. Tunnel Hill-Boner No. 1 30 US 3E
22. Maretta-Fricker No. 1 30 US 8E
23. Kingwood-Martin No. 1 13 7S 8E
24. Phillips-Garr No. 1 31 4S HE
25. Rockhill-Twist No. 7A 33 2S 7E
26. Pure-S. Billington No. 3 27 IN 7E
27. Carter-Seaman No. 1 35 12N 7E
28. Finess, Ingrahm-Temple No. 1 36 14N 10E
29. Sidney-Wendling No. 1 10 17N 10E
County
Hancock
Hancock
McDonough
McDonough
Schuyler
Scott
Morgan
Macoupin
Macoupin
Macoupin
Bond
Bond
Fayette
Effingham
Jasper
Lawrence
St. Clair
Randolph
Jackson
Union
Johnson
Hardin
White
White
Wayne
Wayne
Coles
Coles
Champaign
THE DEVONIAN OF THE CENTRALIA-SALEM AREA
Garth W. Caylor
Geologist, Shell Oil Company
Introduction
The development of Devonian pro-duction in the Centralia-Salem area
of southern Illinois began with the
successful completion of Southwestern Oil
and Gas Company—Benoist well No. 21,
sec. 8, T. 2 N., R. 1 E., in the Sandoval
pool. This well was completed as a Devo-
nian producer in January 1939, and was
followed in order by Kingwood—Shanafelt
No. 18-A in the Salem pool, and Lilly et al
—Gumm No. 1 in the Centralis pool. The
last two discoveries were made in December
1939 and January 1940, respectively.
The Devonian strata of the Centralia-
Salem area consist of about 650 feet of
limestone, dolomite, chert, and a minor
amount of sandstone. This sequence can
be divided into several units. Variations in
thickness and numerous facies changes make
it difficult to correlate these units with out-
crops in southwestern Illinois. Surface ex-
posures of Devonian strata in southwestern
Illinois and eastern Missouri have been
studied by Worthen, Keyes, Ulrich, Dake,
Weller, Savage, and others since 1866, but
the majority of the work was published by
Savage in 1920. The subsurface units of
the Devonian system referred to in this
paper are believed to be the equivalents of
similar lithologic units that crop out in
southern Illinois and are tentatively cor-
related with them. For this reason, the
stratigraphic names applied by Savage and
others to these surface exposures have been
used in describing the subsurface units pres-
ent in the Centralia-Salem area.
During the development of the Devonian
production in this area, numerous cores and
sample sets became available for study.
Since most of the information was obtained
from rotary well cuttings, which commonly
contain no diagnostic fauna, correlations
were made almost entirely on the basis of
lithology. Results of these studies led to
conclusions which are set forth in this
paper. It is believed that the majority of
the Devonian production in this area is
restricted to one zone, even though oil stain-
ing has been observed in the upper five of
the seven lithologic units (figs. 49 and 50).
Incipient fractures seem to account for the
presence of the majority of the oil staining
above the main productive dolomite.
The interval from the top of the Devo-
nian limestone to the top of the "pay" dolo-
mite ranges from 39 to 51 feet in the Cen-
tralia pool and from 70 to 100 feet in the
Salem pool. At Sandoval this interval is
approximately 51 feet. An average for all
the pools mentioned above is 58 feet.
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Stratigraphy and Lithology
The Devonian subsurface units of the
Centralia-Salem area, arranged in descend-
ing order, are described and correlated as
follows
:
Lingle limestone. — Unconformably un-
derlying the Chattanooga shale, or the
Hardin sandstone, which is locally present
at the base of the Chattanooga shale, is a
gray to brown finely crystalline dolomitic
rather impure limestone. This member is
sparingly cherty, sandy, fossiliferous, rarely
oolitic, and is occasionally laminated with
thin dark Chattanooga type shale partings.
This limestone, ranging in thickness from 8
to 26 feet, is correlated with the Lingle
[200]
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Fig. 49.—The Centralia-Salem area and surrounding pools.
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GENERALIZED SECTION CENTRALIA-SALEM AREA
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Fig. 50.—Columnar sections of Devonian strata.
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limestone as described by Savage from out-
crops in southwestern Illinois, where it was
considered to be of Middle Devonian, Ham-
ilton age.
Misenheimer limestone.—Underlying the
Lingle limestone is a dark gray sandy very
glauconitic argillaceous phosphatic lime-
stone, which usually has an abundance of
brown resinous spore-like discs that re-
semble Sporangites sp. The thickness of
this member ranges from 8 to 26 feet.
The Misenheimer shale, which is thought
to be the equivalent of this subsurface unit,
is exposed in southwestern Illinois. Savage
considered this shale to be of Middle Devo-
nian, Marcellus and Hamilton age.
Grand Tower limestone.— Underlying
the Misenheimer limestone is a cream to
brown highly crystalline stylolitic limestone,
containing numerous cup-type corals, bryo-
zoans, and brachiopods. This limestone,
which is correlated with the Grand Tower
limestone of southwestern Illinois is in
places oolitic and finely sandy, and rarely
contains conodonts and fragments of Ten-
taculites sp. Locally, it is interbedded with
rather thin bands of sucrose dolomite. The
average thickness of this member is 26 feet,
but it may range from 15 to 71 feet. Sav-
age considered the Grand Tower limestone
outcrops to be of Middle Devonian Onon-
daga age.
Dutch Creek sandstone.—Underlying the
Grand Tower limestone in outcrops is the
white to brownish-gray angular to rounded
lenticular quartzitic Dutch Creek sand-
stone. In the Centralia-Salem area, a sand-
stone of similar lithology and ranging up
to two feet in thickness is locally present
in the same stratigraphic position. In some
wells this sandstone unit appears to be rep-
resented merely by scattered sand grains in
a dolomite matrix. The surface exposure
of this sandstone in southwestern Illinois
ranges in thickness up to 30 feet and is con-
sidered by Savage to be of Middle Devo-
nian Onondaga age.
Clear Creek formation.—Immediately
underlying the Grand Tower limestone, or
the Dutch Creek sandstone where it is
present, is the porous dolomite member
which constitutes the principal Devonian
"pay" zone of the Centralia-Salem area.
This zone is here considered to correlate
with the upper part of the Clear Creek
formation. This dolomite is brown, chert-
free, granular to sucrose, locally finely
sandy, glauconitic, and somewhat fossilifer-
ous. The porosity is in large part the result
of its vugular character. Individual vugs
range from microscopic to finger size, caus-
ing the dolomite to be crumbly in places.
This dolomite in some wells is earthy, some-
what tripolitic in appearance, and very
limy. Where this facies is developed, the
porosity appears to be low. The "pay"
zone ranges in thickness from 13 to 35
feet with an average of 23 feet.
Directly underlying the "pay" zone is a
limy dolomite with an abundance of blue-
gray to white to light brown opaque dolo-
castic chert ranging in thickness from 35
to 55 feet. Usually this member has low
porosity and is not considered part of the
"pay," although it may contribute a small
percentage of the Devonian production in
this area. This cherty limy dolomite is
here correlated with the lower part of the
Clear Creek formation in outcrops. It has
been common practice to bottom wells in
the upper part of this cherty zone. It is
known, however, that porosity and oil sat-
uration in this lower member of the Clear
Creek formation have been found in some
wells.
There is diversity of opinion as to the
age of the Clear Creek formation. Those
who have done surface work on this prob-
lem have concluded from fossil evidence
that the formation is of Oriskany or Onon-
daga age.
Little Saline formation.—White to snow-
white limestone underlies the Clear Creek
formation. This limestone is crystalline to
coarsely crystalline, slightly glauconitic, fos-
siliferous, and cherty in part. On the basis
of lithologic similarity and stratigraphic
position, it is correlated with the Little
Saline formation. This unit, which is ap-
proximately 300 feet thick, commonly has
a small amount of pink stained crystalline
calcite embedded in it.
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The Little Saline formation was assigned
to Lower Devonian, Oriskany age, by Sav-
age.
Bailey limestone.—The lowest unit of
the Devonian is a drab-gray limestone or
dolomite, finely crystalline to sucrosic, im-
pure, earthy, sparingly cherty, and in some
places siliceous. This lithologic unit as ob-
served in subsurface samples is approxi-
mately 215 feet thick and appears to grade
downward imperceptibly into reddish or
greenish colored Silurian limestone or dolo-
mite.
The Bailey limestone was named by
Ulrich in 1904 from surface exposures in
Perry County, Missouri, where it was as-
signed to Lower Devonian Helderberg age.
Production Data
Cores of the Devonian "pay" in the
Centralia pool indicate an average horizon-
tal permeability of about 400 millidarcies
and effective porosity of approximately 23
per cent. However, the average porosity
and permeability is probably much higher
as the more vugular and porous dolomite
is seldom recovered in cores.
The initial production of the Devonian
wells in this district is extremely variable
and has ranged from small potentials to
more than 11,000 barrels per day. The
decline curve is steep and by the end of the
first month, the daily potential may be no
more than 15 per cent of the initial produc-
tion. At the end of the second month, it
is often less than four per cent of the initial
production.
The average horizontal permeability is
slightly less in the Salem pool than in the
Centralia pool, and the effective porosity
is proportionate. The average initial pro-
duction at Salem is somewhat lower than
at Centralia, but the decline curve is more
gradual. It therefore seems probable that
the ultimate oil recovery of Salem will be
greater than at Centralia.
DEVONIAN CORRELATIONS IN ILLINOIS AND
SURROUNDING STATES: A SUMMARY
BY
J. Marvin Weller
Introduction
The data presented in the papers of
this symposium seem to make possible
a more complete and satisfactory
general correlation of the Devonian strata
in Illinois and surrounding states than has
previously been available. A few of the
more important formations appear to be of
widespread distribution, and although they
may vary considerably in lithology from
place to place and are known by a variety
of names, correlation is not difficult, and
they aid in the correlation of other less
well characterized parts of the Devonian
section. Some differences of opinion regard-
ing any system of correlation are almost
inevitable, and the views expressed in this
summary are not necessarily held by all of
the contributors to this symposium.
Shading in figure 51 shows the present
areal distribution of pre-"black shale" De-
vonian sediments in Illinois and the neigh-
boring states. Pre-Grand Tower strata are
restricted to the darker shaded area whose
outline roughly parallels the borders of the
Mississippi embayment except in the Ozark
region. Aside from the absence of pre-
Grand Tower strata elsewhere, there is
little evidence that these beds were not
originally much more extensive. If so, how-
ever, an unusually effective interval of
erosion must have occurred during mid-De-
vonian time whose existence is inadequately
reflected by the somewhat questionable un-
conformity that has been observed at this
horizon in southern Illinois.
Older Devonian strata probably original-
ly overlapped for a considerable distance the
eastern flank of what is now the Ozark
region, but they were largely removed dur-
ing several intervals of erosion beginning
in post-Middle Devonian-pre-Mississippian
1 Weller, Stuart, and St. Clair,
#
Stuart, Geology of Ste.
Genevieve Co., Missouri: Missouri Bur. Geol. and Mines,
ser. 2, vol. 22, fig. 3, opposite p. 262, 1928.
time. 1 Remnants are preserved in down-
faulted blocks in Ste. Genevieve Co., Mo.
Whether the older Devonian formations
were originally restricted to an area little
more extensive than that in which they are
now confined or were completely eroded
from considerable surrounding territory, it
is obvious that the Eastern Interior basin
was an important structural feature during
the early or middle part of the Devonian
period, and that the basin was bounded then
as it is today by the Cincinnati arch on the
east and the Ozark dome on the west but
was not yet closed to the south.
A great expansion of the sea occurred
in mid-Devonian time, either growing out
of the much more restricted older Devonian
sea or submerging an uplifted area from
which previous Devonian strata had been
completely eroded. The Grand Tower
limestone 2 and its equivalents were depos-
ited to the north and east far beyond the
present limits of older Devonian beds.
Middle Devonian strata overlap not only
the older Devonian formations but also all
beds of Silurian age and directly succeed
various Ordovician strata in northeastern
Iowa, central Missouri, northwestern Ar-
kansas, west-central Tennessee, and south-
central Kentucky. The hiatus below these
beds marks one of the greatest and most
significant unconformities that exists in sev-
eral of the states west and south of Illinois.
It is probable that the Ozark dome was
extensively overlapped, if not completely
submerged, at this time inasmuch as Middle
Devonian limestone boulders are included
in diatreme breccias in the Cambrian ter-
rain of Ste. Genevieve County, Missouri,
12 miles west of the nearest Devonian out-
crops, 3 and an outlier of fossiliferous Mid-
2 The Dutch Creek sandstone is here considered to be the
basal member of the Grand Tower formation.
3 Rust, G. W., Preliminary notes on explosive vulcanism
in southeastern Missouri: Jour. Geology, vol. 45, pp. 71-
73, 1937.
Weller and St. Clair, op. cit., p. 248.
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Fig. 51.—Outline map showing the distribution of Devonian strata in Illinois and adjoining states.
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die Devonian sandstone occurs near Rolla,
Missouri, 50 miles south of the present De-
vonian border. 4 Overlap upon the flank of
the Cincinnati arch was likewise extensive,
although complete submergence of this
structure in Kentucky may not have oc-
curred until Hamilton time. 5
Middle Devonian limestones are gener-
ally overlain by black shale which is late
Devonian or early Mississippian in age or
both. Whatever its age this black shale
succeeds an important unconformity that
appears to be most pronounced in parts of
western Kentucky and western Tennessee
where considerable thicknesses of Devonian
strata were removed by erosion. The black
shale completely overlaps the Devonian
limestones on the northern and southern
flanks of the Ozarks in Missouri and Ar-
kansas and upon the flanks and crest of the
Cincinnati arch in Kentucky and Tennessee
and in all these states locally directly over-
lies Ordovician strata. The black shale
overlap on these large structures, however,
probably followed erosion little more than
sufficient to remove the comparatively thin
Middle Devonian limestones, and the ab-
sence of older strata is probably largely the
result of the pre-Grand Tower erosional
interval previously mentioned.
Helderbergian Croup
Bailey limestone.—A single Helderbergi-
an formation, the Bailey limestone, is recog-
nized in Illinois and Missouri. Its maxi-
mum thickness of about 350 feet is greater
than the thickness of Helderberg strata
known in any of the neighboring states,
and consequently this formation probably
represents as complete a stratigraphic sec-
tion as is present anywhere in the central
states region. Some doubt has been ex-
pressed concerning the Devonian age of the
Rockhouse shale of Tennessee, 6 but as the
basal Bailey beds appear to become increas-
4 Bridge, Josiah, and Charles, B. E., A Devonian outlier
near the crest of the Ozark uplift: Jour. Geology, vol. 30,
pp. 450-458, 1922.
5 Savage, T. E., The Devonian rocks of Kentucky: Ken-
tucky Geol. Survey, ser. 6, vol. 33, pp. 12-14, 1930.
6 Dunbar, C. O., Stratigraphy and correlation of the De-
vonian of western Tennessee: Tennessee Geol. Survey, Bull.
21, pp. 40-43, 1919.
ingly shaly southward in southern Illinois
there seems to be good stratigraphic evi-
dence that these strata are equivalent. The
Olive Hill and Birdsong formations are
likewise almost certainly represented in the
Bailey although equivalent strata cannot be
identified positively either by faunal or
lithologic characters. 7
The Haragan shale of Oklahoma is prob-
ably equivalent to the upper part of the
Bailey limestone of Illinois and to the Bird-
song shale and perhaps part of the Olive
Hill limestone of Tennessee.
The Bois d'Arc limestone of Oklahoma
as originally defined included beds of Hel-
derberg age below and beds of Oriskany
age above but was later restricted to exclude
the Oriskany strata. 8 As originally defined
this formation was probably approximately
equivalent to the Grassy Knob chert of Illi-
nois. The Decaturville chert of Tennessee
is probably represented in the lower part
of the Grassy Knob chert 9 and is equivalent
to part of the Bois d'Arc limestone as re-
stricted.
Some uncertainty surrounds the proper
age determination of the Kenneth lime-
stone of northern Indiana. This formation
was originally referred to the Silurian sys-
tem but more recently the opinion has been
expressed that it is of early Devonian
(Keyser) age. Paleogeographic and general
stratigraphic considerations suggest that the
original age designation is more likely to
be correct.
Oriskanian Group
The Grassy Knob chert of Illinois has
been consistently classified as Oriskany.
Fossils are very rare in this formation, how-
7 Since the papers of this symposium were submitted to
the editor, I have had the opportunity to devote a week
to an examination of the Paleozoic section in western
Tennessee. My observations incline me to the belief that
Dunbar's postulation of a considerable succession of over-
lapping unconformable Devonian formations (Bull. 21, Geol.
Survey of Tennessee, p. 25) is not as reasonable an ex-
planation for the differences between the stratigraphic sec-
tions in the northern and southern parts of this area as is
the possibility of lateral gradation, which he considers but
rejects (p. 64). The possibility that the Birdsong shale is
equivalent to the entire Rockhouse-Olive Hill succession par-
ticularly deserves reconsideration. My discovery of a nearly
perfect specimen of Eospirifer macropleura, a Birdsong guide
fossil upon which Dunbar places great emphasis, in the Ross
limestone at Grandview appears to be significant in this
connection.
8 Reeds, C. A., The Arbuckle Mountains, Oklahoma:
Natural History (Am. Mus. Nat. Hist. Jour.) vol. 26, pp.
470-474, 1926.
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Fig. 52.—Devonian correlation chart.
ever, and this age determination has been
based on only three species that probably
came from its upper part. This formation
is believed to succeed the Bailey limestone
conformably, and the Decaturville chert of
Tennessee is, for stratigraphic reasons, cor-
related with some part of the Grassy
Knob. Therefore, the Grassy Knob chert
probably transgresses the Helderberg-Oris-
kany boundary, and its basal part may even
be as old as part of the Birdsong shale. 9
The Backbone limestone of Illinois and
the Little Saline limestone of Missouri are
practically equivalent formations, although
the greater thickness of the Backbone lime-
stone suggests that it may include younger
beds not present in Ste. Genevieve County,
Missouri. The older name, Little Saline,
should probably be used for this formation
in both states. 10 Southward in Illinois two
parts of this formation become distinguish-
able, a lower pure limestone member and
an upper much thicker cherty member,
which seem to be represented respectively
by the Quail limestone and Harriman chert
9 The Decaturville is totally unlike the chert of the
Grassy Knob, and recent field observations have convinced
me thatthis correlation, based upon presumed lithologic sim-
ilarity, is not well founded. The Decaturville is not novac-
ulitic. It appears to have been produced by the weathering
of an impure very fossiliferous limestone. Although this
bed was thin, its distribution was rather extensive. Such
weathered blocks would persist in the residuum almost
indefinitely, and these are generally observed in an ob-
viously slumped condition. Their presence now above beds
at various horizons in the recognized stratigraphic section
is not sound evidence that the Decaturville succeeds an im-
portant overlapping unconformity.
10 Savage, T. E., Comparison of the Devonian rocks of
Illinois and Missouri: Jour. Geology, vol. 33, pp. 552-
553, 1925.
of Tennessee. The Backbone is believed
to be recognizable in the subsurface records
of considerable areas of southern Illinois
and probably also of western Kentucky as
a light colored crystalline comparatively
chert-free limestone zone in the thick series
of very cherty beds that makes up most
of the Devonian system in these areas.
The Frisco limestone of Oklahoma, or
the upper part of the original Bois d'Arc
limestone, has been variously referred to the
upper 11 or lower Oriskany. 12 It resembles
the Little Saline limestone both faunally
and lithologically and consequently is to be
correlated with this formation rather than
with the upper part of the Grassy Knob
chert.
Ulsterian Group
Clear Creek and Camden cherts.—The
early Onondagan age and the equivalence
of the restricted Clear Creek chert of Illi-
nois13 and the restricted Camden chert of
Tennessee14 has been recognized for more
than 20 years. Similar faunas occur in the
Sallisaw sandstone (originally confused
11 Schuchert, Charles, Devonian of Oklahoma with spe-
cial reference to the Oriskany and Camden formations
:
Geol. Soc. American Bull., vol. 3 3, pp. 666-667, 1922.
12 Ulrich, E. O., Fossiliferous boulders in the Ouachita
"Caney" shale and the age of the shale containing them:
Oklahoma Geol. Survey Bull. 45, p. 32, 1927.
13 Savage, T. E., The Devonian formations of Illinois:
Am. Jour. Sci., 4th ser., vol. 49, pp. 169-178, 1920.
Bassett, C. F., The Devonian strata of the Alto Pass
quadrangle: Illinois Acad. Sci. Trans., vol. 18, p. 366,
1925.
14 Dunbar, C. 0., op. cit. pp. 79-90.
15 Schuchert, Charles, op. cit. p. 669.
isuirich, E. O., op. cit. pp. 17-18, 30.
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with the Sylamore) 15 and Pinetop chert
(=Brushy Creek chert of Ulrich) 16 in
Oklahoma.
Arkansas novaculite.—The problem of
the Arkansas novaculite17 is a difficult one.
This great formation is almost barren of
fossils but the lithologic similarity of its
lower member to the Camden and Clear
Creek cherts suggests their correlation, and
this is not disproved by the single fossil that
has been reported from the lower novacu-
lite. The Penters chert of northeastern
Arkansas is likewise nonfossiliferous, but on
the basis of lithology it also is correlated
with the Clear Creek chert. So far as is
now known no pre-Onondagan Devonian
is present in Arkansas.
Grand Tower and Jeffersonville lime-
stones.—The faunal similarities of the
Grand Tower limestone of Illinois and the
Jeffersonville limestone of Indiana have
long been known. 18 The Jeffersonville has
not been traced southward along the outcrop
in Kentucky, but it is recognized down-dip
to the west in subsurface records. Appar-
ently these later Onondagan strata are over-
lapped by the Hamilton along the west
flank of the Cincinnati arch, but small rem-
nants may occur here and there, thus ac-
counting for Onondagan species that have
been reported at some places in the Boyle
limestone. 19 The Pegram limestone of Ten-
nessee where similar conditions probably
exist apparently includes strata of both
Onondagan and Hamilton ages. No beds
of Grand Tower age are known south
of the Ozarks in Arkansas or in Oklahoma.
The Dutch Creek sandstone, first de-
scribed as the basal member of the Grand
Tower formation 20 but later considered a
separate formation, is the first of two more
or less intermittent but widespread sandy
zones of the Middle Devonian. In its type
area of southern Illinois it crops out as a
conspicuously massive but thin sandstone.
It was obviously originally highly calcare-
17 Since the Devonian symposium was held Dr. H. R.
Wanless has shown me a. hand specimen of Arkansas novac-
ulite collected by him which is cut by a minute but nev-
ertheless distinct stylolitic parting.
.
18 Savage, T. E., The Grand Tower (Onondaga) forma-
tion of Illinois, and its relation to the Jeffersonville beds
of Indiana: Illinois Acad. Sci. Trans., vol. 3, pp. 116-
132, 1910.
!9 Savage, T. E., op. cit. p. 13, 1930.
20 Savage, T. E., op. cit. pp. 116-117, 1910.
ous but is now entirely leached. It grades
upward without a break into typical Grand
Tower limestone but, peculiarly, no shaly
beds are associated with this transition. At
Grand Tower and in the subsurface gen-
erally the Dutch Creek is recognized as a
more or less sandy limestone zone that
cannot be sharply distinguished from the
enclosing beds. Both the stratigraphic and
faunal relations of the Dutch Creek are
probably best reflected by a return to the
view that this sandstone is the basal member
of the Grand Tower.
Geneva dolomite.—The Geneva dolomite
of Indiana appears beneath typical Jeffer-
sonville limestone and, in a general way,
thickens to the north as the latter thins
until the Jeffersonville is entirely replaced.
Although the suggestion has been made that
the Geneva is a distinct formation older
than the Jeffersonville, 21 the geographic
distribution and stratigraphic relations of
dolomite and limestone and the recognition
of well-marked faunal zones at both top and
bottom rather clearly indicate that these
formations are an excellent example of
lateral variation in contemporaneously de-
posited strata. The Pendleton sandstone is
apparently the locally outcropping basal
sandy member of the Geneva-Jeffersonville.
It is comparable to and may be correlated
with the Dutch Creek of Illinois, and it is
reported to have been recognized in many
wells. The Geneva or dolomitic phases of
the later Onondaga persist southwestward
beneath the cover of younger strata in a
zone about 50 miles wide that obliquely
crosses the southern half of Illinois. Most
Devonian oil production in Illinois and
Indiana is obtained from the porous dolo-
mite of this zone. At some of its more
northern outcrops the Geneva includes beds
of lithographic dolomite whose lithology is
practically identical to the characteristic
lithology of the Wapsipinicon formation of
Iowa.
Wapsipinicon limestone.—Correlation of
the Devonian strata of Iowa and northern
Missouri with each other and with the De-
21 Cummings, E. R., Nomenclature and descriptions of
the geological formations of Indiana :_ in Handbook of In-
diana Geology, Ind. Dept. Conservation, pub. 21, p. 466,
1922.
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vonian rocks known to the east and south
encounters numerous difficulties. Perhaps
the most important is the generally accepted
conception of fluctuating Devonian seas and
the migrations of Middle and Upper De-
vonian faunas that has gradually been built
up over a long period of years. Paleon-
tologists seemingly have too often sought
to explain differences in faunas by postu-
lating land barriers, and they have been
too inclined to interpret certain faunal dif-
ferences as indicative of differences in age.
Consequently the physical histories of some
of the Paleozoic periods are generally be-
lieved to have been somewhat more compli-
cated than they probably were, and this
appears to be particularly true of the Devo-
nian. As new data accumulate from the
more careful study of outcrops, the dis-
covery of outliers, and the drilling of a
constantly increasing number of deep wells,
the more widespread distribution of certain
formations is recognized and old ideas must
be adjusted to these facts. Some of the
faunal differences at least can be satisfac-
torily explained by the inevitable existence
of varying environments which would cer-
tainly be reflected by variations in the
assemblages of marine life.
The Wapsipinicon formation of Iowa
characteristically consists of more or less
dolomitic and lithographic strata that are
readily recognized by their lithology. It
contains few fossils to aid in its correlation
and has been referred to the Upper Devo-
nian 22 or questionably to the Middle De-
vonian by Iowa geologists. This formation
is recognized in subsurface records at many
places in central Illinois. It thins out south-
ward and is overlapped by the Cedar
Valley limestone on the northern flank of
the zone extending diagonally across the
State where Devonian limestone is very thin
or absent. Eastward it appears to grade
into the Geneva dolomite of Indiana, which
as previously mentioned, includes beds of
Wapsipinicon lithology. South of the zone
where the Devonian is thin or absent in
central Illinois the Wapsipinicon reappears
beneath the Cedar Valley. Southward it
22 Thomas, A. O., Echinoderms of the Iowa Devonian:
Iowa Geo!. Survey, vol. 29, p. 409, 1924.
grades into the dolomitic zone that is be-
lieved to be a southwestward extension
of the Geneva as described above. Still
farther south beyond this dolomite zone,
beds of Wapsipinicon lithology again inter-
finger with strata of typical Grand Tower
character. This subsurface distribution of
the Wapsipinicon limestone substantiates
the correlation of this formation with the
Grand Tower formerly made on somewhat
uncertain faunal evidence.23
Cooper and Mineola limestones.—In the
subsurface of Iowa the Wapsipinicon grades
into variable strata containing considerable
amounts of gypsum and anhydrite. These
are the beds informally termed the "trash
zone" by McQueen which is persistently
present in the Forest City basin. Compara-
ble strata do not crop out in northern Mis-
souri, however, where the oldest Devonian
formations are the Cooper and Mineola
limestones. These formations differ consid-
erably in lithology and fauna, and it has
been suggested that they were deposited in
separate embayments although their similar
relations to the overlying and underlying
strata demonstrate their general contempo-
raneity. The Cooper, however, appears to
become less fine-grained and homogeneous as
it is traced eastward, and the Mineola is
possibly only a comparatively local facies
varient of that formation. Lithologically
these formations are also distinct from the
Wapsipinicon but their relations to the over-
lying Callaway limestone, that is believed to
be equivalent to the Cedar Valley of Iowa,
indicates that the Cooper and Mineola are
probably the southward continuation of the
Wapsipinicon or at least its upper part. The
Missouri formations have been referred con-
sistently to the Onondaga by Missouri
geologists, and in spite of certain faunal
differences from the Grand Tower, which
have resulted in another correlation, 24 the
regional interrelations of all of the post-
Clear Creek formations discussed above
suggest that the Grand Tower correlation
is correct. It is possible that the Eastern
23 Branson, E. B., The Devonian of Missouri: Missouri
Bur. Geology and Mines, ser. 2, vol. 17, p. 2, 1922.
24 Savage, T. E., Comparison of the Devonian rocks of
Illinois and Missouri: Jour. Geol. vol. 33, pp. SSI, 554-
558, 1925.
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Interior basin and the northern part of the
Western Interior basin were partially, but
not necessarily entirely, separated in Grand
Tower time by an emergent spur of the
Ozark uplift which extended northeastward
more than half way across Illinois, and that
important environmental differences result-
ed in somewhat unlike faunas on its two
sides. If this Grand Tower correlation is
correct, the sandy zone at the base of the
Mineola limestone may be compared with
the Dutch Creek sandstone of southern Illi-
nois, the Pendleton sandstone of Indiana,
and the sandstone outlier reported near
Rolla, Missouri, although these sandy beds
may represent a transgressive deposit not
necessarily everywhere exactly contempora-
neous.
Erian Group
The great expansion of the Devonian sea
which began in the central states in mid-
Onondagan time continued in the Hamil-
ton, and beds of the latter age overlap onto
pre-Devonian formations in all directions.
About the borders of the basins an impor-
tant pre-Hamilton unconformity is apparent
and on the flanks of the Cincinnati arch
and Ozark uplift late Onondagan strata
locally occur as outliers preserved beneath
the more continuous covering of Hamilton
beds.
The thickest exposed section of the Ham-
ilton in the Upper Mississippi Valley ap-
parently occurs in Ste. Genevieve County,
Missouri, where a variable succession of
limestone with some sandstone and shale
is referred to the St. Laurent formation.
Fossils are scarce and are known principally
from the residual chert, but no post-Hamil-
ton beds are recognized in this vicinity.25
Below the St. Laurent formation and sep-
arating it from the Grand Tower forma-
tion occurs the Beauvais sandstone, which
is the second discontinuous but widespread
sand zone in the upper part of the Devo-
nian succession of Illinois and neighboring
states. This zone is not as extensive as the
lower Dutch Creek zone and, like the latter,
is probably most conveniently considered as
25 Weller and St. Clair, op. cit. pp. 151-154.
the basal member of the overlying domi-
nantly limestone formation.
In southern Illinois the Grand Tower
limestone is succeeded by the Lingle and
Alto formations. The Lingle has yielded
a profuse fauna including many character-
istic Hamilton species. Although the Alto
has been referred to the Upper Devonian26
on the basis of its stratigraphic position, its
fauna is meager and no diagnostic species
have been reported from it. There is much
doubt concerning the advisability of a
Lingle-Alto differentiation, and because the
combined thickness of these formations is
considerably less than the reported thick-
ness of the nearby St. Laurent, and, also
because no post-Hamilton pre-black shale
beds have been identified within a radius
of 200 miles or more, the Upper Devonian
age of the Alto appears to be very uncertain.
On the flank of the Cincinnati arch near
Ohio River, the Hamilton is represented by
the Sellersburg limestone. This formation
has not been traced far either to the north
or south. Northward in Indiana it thins
and disappears or becomes indistinguishable
from the underlying Onondagan beds, al-
though strata in the upper Wabash valley
have been correlated with the Sellersburg.
Southward in Kentucky it loses its typical
lithologic and faunal characters and may be
overlapped by the Casey limestone, another
Hamilton formation of possibly somewhat
younger age. In Tennessee Hamilton strata
are apparently locally identified as Pegram
limestone although elsewhere this formation
consists of Onondagan beds. Thin discon-
tinuous Hamilton strata, known as the
Clifty limestone, occur at a few places in
northwestern Arkansas but, so far as
known, beds of similar ages are absent else-
where in that state.
The fauna of the Cedar Valley limestone
of Iowa was originally identified as Hamil-
ton by Hall, 27 and this formation as well
as its supposed equivalent, the Callaway
limestone of Missouri, was termed the
"western Hamilton" in early reports. Im-
portant differences in the faunas of the
eastern and western Hamilton were pointed
26 Savage, T. E., op. cit. 1920.
27 Hall, James, Geology of Iowa, vol. 1, pp. 85-88, 1858.
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out by Stuart Weller, and the Cedar Valley
limestone was assigned an Upper Devonian
age, 28 a practice followed by almost all
later writers.
The Cedar Valley limestone may be
traced southward from Iowa in the sub-
surface records of Illinois. It overlaps the
Wapsipinicon limestone in western Illinois
and locally succeeds the Maquoketa shale.
In the Colmar-Plymouth field the Hoing
sand is its basal member. Farther south
the Wapsipinicon reappears in the section
beneath Cedar Valley beds and the latter
continue and constitute the section which
overlies the productive dolomite in the
Centralia-Salem area. A basal sandy mem-
ber is also present there. Thus throughout
most of Illinois, at least the upper part of
the Devonian succession encountered in
wells consists of beds of Cedar Valley
type. This is somewhat different from the
typical Lingle-Alto succession but not un-
like most of the St. Laurent. The distribu-
tion of these strata, their relations to under-
lying beds, and the definitely recognized
Hamilton age of the Lingle and St. Lau-
rent strongly indicates that the Cedar
Valley is likewise probably of Hamilton
age. If this conclusion is correct the Hoing
sand and the sandy zone mentioned above
in the Centralia-Salem area are equivalents
of the Beauvais sandstone of southeastern
Missouri.
There appears to be little in the fauna
of the Cedar Valley limestone that is
strongly out of harmony with a Hamilton
correlation. If, however, the Independence
shale is actually older than the Cedar
Valley, as it seems to be, its fauna of clearly
Upper Devonian affinities must be looked
upon as the early and provincial appearance
of a group of organisms whose descend-
ants returned and achieved much wider
distribution at a slightly later time. Some
of the typical Upper Devonian faunas of the
east, therefore, may be recurrences of this
fauna first recorded in the late Middle
Devonian beds of Iowa. The Independence
shale also may occupy a position in the sec-
28 ^yeller, Stuart, Correlation of the Middle and Upper
Devonian and the Mississippian faunas of North America:
Jour. Geology, vol. 17, pp. 264-266, 1909.
tion similar in a general way to the Beau-
vais sandstone although it may possibly be
a little older. Perhaps it might be com-
pared with the shaly beds which overlie the
Grand Tower limestone in southern Illinois
which Savage designated as the Misen-
heimer formation.
The Callaway limestone of Missouri is
probably equivalent to at least part of the
Cedar Valley. Each of these is the most
extensive Devonian formation in its state
and each conspicuously overlaps older Devo-
nian strata. The basal unconformity ap-
pears to be more pronounced in Missouri
than in Iowa and consequently some of the
lower Cedar Valley beds may not be repre-
sented in the Callaway. It is also possible
that the Snyder Creek shale of Missouri,
which is not known to be separated from
the underlying Callaway limestone by an
unconformity, may be equivalent to the
upper part of the Cedar Valley although
its lithology suggests correlation with the
Lime Creek shale of Iowa. A sandy zone
at the base of the Callaway appears to be
approximately equivalent to the Beauvais
sandstone of southeastern Missouri.
The Ashland limestone, recently distin-
guished by Branson, unconformably under-
lies the Callaway and is presumably younger
than the Cooper and Mineola, although it
apparently has not been observed in the
same outcrops with the latter formations.
The Ashland is not shown on the accom-
panying correlation chart. Possibly it,
rather than the sandy basal Callaway beds,
should be correlated with the Beauvais
sandstone. If equivalent strata are present
in Iowa, they are probably included in the
Cedar Valley limestone.
Upper Devonian
Unquestioned Upper Devonian strata are
apparently confined to Iowa, and there is
no evidence to indicate that a late Devo-
nian sea submerged any other part of the
region with which this symposium is con-
cerned before the beginning of black shale
deposition. Although the Snyder Creek
may be equivalent to the upper part of the
Cedar Valley, as has been suggested, the
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former is much thicker than the upper
shaly Coralville member of the latter, and
it consequently appears more likely that the
Snyder Creek should be correlated with
the Lime Creek shale in spite of the facts
that no unconformity has been recognized
beneath the Missouri formation and that
the faunas are not particularly similar. In
such a correlation faunal differences do not
seem to be overly important because it is
well known that throughout most of North
America, Upper Devonian faunas are com-
monly conspicuously provincial. Subsurface
studies in the Forest City basin show the
presence of a continuous body of shale sepa-
rating the Devonian and Mississippian
limestone that appears to connect the Sny-
der Creek and Lime Creek formations, al-
though it is likely that this interval also
includes strata equivalent to the "Chatta-
nooga" shale.
No solution to the black shale question
can be suggested here. This is a problem
of more than ordinary complexity which
probably will be the source of controversy
for many years. Outcropping portions of
the extraordinarily persistent black shale
that overlies Devonian limestone in the cen-
tral United States have been termed the
Chattanooga, New Albany, Mountain
Glen, and Grassy Creek formations and
assigned variously to either the Devonian
or Mississippian system. Unquestionably
these exposed formations are continuous
beneath the cover of younger beds but it
is far from certain that they are all of the
same age. The black shale appears every-
where to overlie older beds unconformably,
and locally it completely overlaps the De-
vonian and rests upon Silurian and Ordo-
vician strata. As previously pointed out,
however, this great unconformity and over-
lap was apparently not primarily the result
of erosion that immediately preceded black
shale deposition but is believed to have been
accomplished mainly before the great expan-
sion of the mid-Devonian sea that began in
Grand Tower time.
An irregular but widespread sandstone
member occurs at the base of the black
shale. This is known as the Hardin sand-
stone in Tennessee, the Sylamore sandstone
in Missouri and Arkansas, and the Misener
sand in Oklahoma. It is also encountered
in deep wells in the Illinois basin. South-
westward in southern Arkansas the black
shale appears to be represented by the
middle and upper members of the Arkansas
novaculite which in turn are correlated
with the Woodford chert of Oklahoma.
It is possible, however, that the upper no-
vaculite member may be post-black shale
Mississippian.
Northwestward in Illinois, Missouri, and
Iowa the black shale gradually becomes
much less carbonaceous and grades into the
greenish and gray shales of the Saverton
and other Kinderhook formations. It is also
possible that the Maple Mill and Sheffield
shales should be assigned to this part of
the stratigraphic section, but their relations
are not well known. These non-black shales
are difficult to distinguish from the Maquo-
keta shale and other Upper Devonian and
Lower Mississippian shales and may be con-
fused with them, particularly in subsurface
records. If the Grassy Creek and Saverton
shales of Missouri are properly referable
to the Upper Devonian, the Louisiana lime-
stone also must probably be assigned to that
period because of its close stratigraphic and
faunal relations to those underlying forma-
tions.
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DISCUSSION
Louise Barton Freeman
Recent study of outcrop and well samples in
eastern Kentucky indicate a possibility that the
Devonian limestones cropping out along the eastern
flank of the Cincinnati arch should be included in a
study of the western basin for the following reasons:
(1) Devonian limestones are recognized for
only a short distance east of outcrop on the east side
of the arch, and then not found again until
eastern Morgan County which is well down in the
Appalachian basin. All deep wells east of Morgan
and Magoffin counties have less than 100 feet of
Devonian which, with the limited information
available, may be traceable into the Huntersville
chert (Onondaga) of West Virginia.
(2) On the other hand, the Boyle limestone at
outcrop, which has occasional suggestions of
Onondaga fauna as well as Hamilton fossils, is
underlain by the peculiarly persistent Kiddville
layer of fish remains which can be traced around the
Lexington dome, wherever Devonian limestones
have been preserved, to the base of the Beechwood
or upper Sellersburg at Louisville. It is possible
that the overlapping Hamilton seas carried rem-
nants of the Onondaga fauna which lived for a while
with the Hamilton forms in local areas where en-
vironmental conditions were suitable.
There are two possible explanations to account
for the preservation of Hamilton limestone updip
on the eastern flank of the arch.
(1) The Devonian may never have been de-
posited over most of eastern Kentucky, and the
"Boyle" found at outcrop may represent deposition
in perhaps a narrow arm of the Hamilton sea which
continued east and north around the Lexington
dome of the arch and perhaps connected with the
Hamilton sea reaching southward through Ohio.
The different environment in the arm as compared
to the open sea might account for the difference in
faunal assemblage of the Boyle.
(2) Deposition may have been continuous be-
tween the two basins and over the arch with sub-
sequent erosion leaving only small remnants. The
discontinuity of outcrop of Devonian limestone on
both east and west sides of the arch suggests that
post-Hamilton drainage cut down into Silurian and
in some cases into the Ordovician, leaving the De-
vonian as outliers. With well samples from so few
of the hundreds of wells drilled to this horizon in
eastern Kentucky it is possible to have missed any
small areas capped with Devonian. This is par-
ticularly possible since most of the samples come
from wells in "Corniferous" producing areas which
are usually limited in eastern Kentucky, and thus
far in western Kentucky also, to areas where the
Niagaran dolomites directly underlie the black
shale. In eastern Kentucky the Niagaran dolomite
never does get to outcrop and the biggest "Cornif-
erous" pool, the Big Sinking, is located east of the
Devonian extension and just west of complete
wedging out of the Niagaran.
The Duffin dolomite, from which Savage de-
scribed Tully fossils, is interbedded with the lower
few feet of black shale in southern and eastern Ken-
tucky at outcrop. Upon close examination it be-
comes evident that the brecciated appearance com-
mon to the Duffin is due almost entirely to color
differences. The angular fragmented portions are
of white to light gray finely crystalline dolomite,
similar in texture to the Niagaran dolomites to the
east, while the matrix with about the same texture is
dark brown due to dark carbonaceous interstitial
clay. At the type locality, the Duffin cut at Junc-
tion City in Boyle County, this formation has, in
the basal few inches, inclusions of angular chert
fragments and fragmental corals similar to those
from the Boyle below and suggesting a sort of basal
conglomerate. Probably the black shale sea in-
corporated in its base residual or slightly trans-
ported weathered Niagaran, and also Boyle where
the latter was present. There was less erosion of
Niagaran dolomites in western Kentucky, as evi-
denced by the preservation of the Laurel and
Waldron and much of the Louisville, thus account-
ing for the more erratic development of Duffin to
the west.
E. B. Branson
Conselman found cave-filling of Snyder Creek
shale in the Callaway limestone1
,
and he is the only
one who has reported evidence of an unconformity
between these formations. I examined the cave
filling with Conselman and agree that there must
have been a cave in the Callaway when the Snyder
Creek sea submerged this area.
The name Sylamore has been used in a confusing
way by several persons, including myself. I formerly
thought that the green sandstone in Missouri cor-
responded to the Sylamore in Arkansas, but in the
last five years we have found that the Sylamore of
Arkansas lies below the Chattanooga black shale,
and in Missouri the sandstone is above the black
shale. The sandstone above the black shales, which
we designated as Bushberg from Ulrich's Sulphur
Springs formation, has a very definite Mississippian
fauna, whereas the Arkansas Sylamore has a De-
vonian fauna.
I am thoroughly convinced that the name Saver-
ton should be dropped. Rowley, in his early de-
scriptions, mentioned a blue shale a few inches thick
just below the Louisiana, and a black shale below
that. We have found that the green of the Saverton
is a surface manifestation and by digging back a
few feet black shale is uncovered. Of course, we
haven't done this in many places, but some road-
cuts show it. Krey in his work does not recognize
Saverton shale.
M. A. Stainbrook
I agree that the physical history of the Middle
and Upper Devonian has been somewhat compli-
cated hitherto by the introduction of basins, bar-
riers, and axes. It would be greatly simplified if the
Cooper-Mineola to Snyder Creek succession in
Acad. Sc vol. 1, 1935.
DEVONIAN CORRELATIONS 215
Missouri and the Independence to Lime Creek series
in Iowa were regarded as Upper Devonian. With
this assignment there would be no need to explain
the diversity of faunas as being due to the separation
of northern Missouri and Iowa from southern Illi-
nois and southeastern Missouri by a barrier in
Hamilton time. Otherwise, the total difference
between Callaway-Cedar Valley and Lingle and
other like Hamilton faunas is difficult to explain. It
is probable that the western and northwestern seas
did not reach Iowa until early in late Devonian
time and that they spread eastward across the
Michigan area and met the eastern sea coming
northward through Illinois.
I am puzzled by the suggestion that paleontolo-
gists are too inclined to interpret faunal differences
as indicative of differences in age. What then shall
be the criteria to determine the correlative value of
faunas? Apparently it is up to each worker to in-
terpret faunas to fit his ideas—a course which can
but lead to considerable differences in opinion. How-
ever, it is difficult to see how the Hamilton fauna
can be so widespread in Michigan, Ontario. New
York, Ohio, southern Illinois and southern Missouri
and differ so completely a short way to the north
in the Missouri and Iowa faunas. I believe that by
assuming that this difference means difference in
age, we are not far from the truth.
The Wapsipinicon may be traceable southward
below the surface in Illinois into beds which appear
to be Jeffersonville, and I have no objections to
this interpretation since I have never studied sub-
surface samples of that region. If this correlation is
correct, it would appear to settle the age ot these
beds. On the other hand, can it be shown that the
Wapsipinicon does pass the zone where the De-
vonian is thin or wanting or where it is overlapped
by Cedar Valley? Can the formation actually be
traced below the surface into beds carrying fossils
of Jeffersonville age? Can it be shown that the
Cedar Valley and Wapsipinicon are not formations
that transgress southward onto older beds with
which they might possibly be confused?
No evidence is cited to support the correlation of
the Cooper-Mineola with the Wapsipinicon, and I
do not believe that there is any. Savage's study 1
and my own work and collections show that the
Cooper and Mineola are to be correlated with lower
Cedar Valley; also the review of the Mineola fauna
by Savage shows that the strata are not Onondagan.
Lithologically they differ greatly from the Wapsi-
pinicon. Until typical Onondagan fossils are se-
cured from the Mineola, it is better to accept the
evidence of the fossils known to be common to this
formation and the Cedar Valley as evidence that
they are of the same age. It is not necessary then
to assume an Ozark spur separating the Grand
Tower from the Mineola to explain their faunal
differences. The simpler explanation that the
Mineola is younger is in accord with faunal and
lithologic evidence.
Although Hall identified the Cedar Valley as
Hamilton, it should also be remembered that he
correlated the upper Cedar Valley at Raymond with
the Schoharie2
,
the upper Cedar Valley on Pine
Creek with Chemung, the basal beds at Inde-
pendence with Hamilton, and the beds immediately
above, the profunda zone, at Waterloo with the
Corniferous. I do not believe that Hall's correla-
1 Savage, T. E., Jour. Geology, vol. 33, pp. 552-553,
1925.
tion should be given any weight in discussing the
age of the Cedar Valley.
Calvin2 in 1898 recognized the distinctness of the
Devonian system. He believed that in Iowa this
system was deposited in a geologically isolated area,
under sedimentational conditions different from the
region to the east where the order and succession
of faunas were not the same. He stated that species
common to the two provinces arrived at the same
latitude at different times and in different orders.
Most of the species he regarded as Hamilton have
been shown by later writers to be different. Schu-
chert3 in 1903, after reviewing the faunas, wrote
that the facts seemed to demonstrate a very marked
difference in the "Middle Devonic Faunas of Iowa
and Missouri when contrasted with those of Thed-
ford, Ontario, southern Illinois and Louisville,
Kentucky, regions." Stuart Weller4 considered
these differences sufficiently significant to place the
Iowa beds in the Upper Devonian. Later Savage 5
,
Keyes 6
,
Thomas 7
,
Miller8
,
and others have also
shown that they regard the Cedar Valley as dis-
tinct from the Hamilton and of later age. So far as
known to me, no evidence has been introduced to
controvert this conclusion.
The statement in the foregoing summary that
"There appears to be little in the fauna of the Cedar
Valley limestone that is strongly out of harmony
with a Hamilton correlation" is an interesting one
and cannot be accepted without some supporting
evidence or some indication of the basis on which it
is made. It certainly is not borne out by studies of
the faunas and by the statements of the authors
cited immediately above. If total absence of Hamil-
ton macro-fossils in the Cedar Valley and vice versa
is not strongly out of harmony, what further criteria
must be looked for? This conclusion seems to be an
opinion opposed to facts and is without cited sup-
port.
The extent of the Cedar Valley in Illinois was of
course unknown to me and I am interested to learn
that it has been identified so far southward. Have
the "Cedar Valley" beds in the Centralia-Salem
area been traced eastward into Sellersburg or south-
ward into Lingle? If not, this correlation with the
Jeffersonville and Lingle based on the distribution
of the Cedar Valley and relationships to underlying
beds is open to question. It is possible, however,
even if the Cedar Valley beds are actually traceable
southward into the Lingle, that they are not neces-
sarily contemporaneous.
.
For example, in Texas, the
Trinity sands are continuous from the central part
of the state into the Panhandle, but they transgress
from basal Comanchean through the Fredericks-
burg, and 40 miles northwest of Lubbock the basal
conglomerate has Kiamichi fossils. The seas of
southern Illinois may have transgressed northward
reaching the Iowa-northern Missouri area and meet-
ing the northwestern or western sea during early
Upper Devonian time. This would account for the
difference between the Cedar Valley fauna and the
typically Hamilton fauna farther south.
2 Calvin, S., Iowa Geol. Surv., vol. VIII, p. 221, 1898.
3 Schuchert, C, Am. Geol., vol. 32, p. 147, 1903.
4 Weller, S., Jour. Geology, vol. 17, PP . 264-266, 1909.
5 Savage, T. E., Jour. Geology, vol. 33, pp. 522-553,
1925.
6 Keyes, C. R., Pan American Geol., vol. 72, pp. 45 60,
1939.
7 Thomas, A. O., Iowa Geol. Survey, vol. 29, pp. 409
410.
8 Miller, A. K., Geol. Surv. America Spec. Paper, No.
14, p. 6.
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The Independence shale is known to lie immedi-
ately below the Cedar Valley and unconformably
on Wapsipinicon beds. The Independence faunas
probably recur in later beds, but I doubt that this
formation is late Middle Devonian in age. Certainly
there is little in the fauna to indicate such an age.
Most paleontologists will be surprised to learn that
Spirifer orestes, Spirifer disjunctus, Hypothyridina
emmonsiy Pugnoides, Macgeea, Ponticeras and Man-
ticoceras regulare (cf. M. sinosum Hall cf. M. in-
tumescens) and others are now Middle Devonian,
as they must be if this tentative correlation of the
Independence and the Misenheimer be accepted.
The alternative suggestion that the Independence
fauna is early Upper Devonian is more reasonable.
The Hoing sand is perhaps comparable to the In-
dependence as a more landward deposit in the
transgressing Cedar Valley sea.
If fossils are of value in stratigraphy, the Calla-
way is certainly to be correlated with the Cedar
Valley. I believe that the importance of the sub-
Callaway unconformity will be found on investi-
gation to have been exaggerated. Because Cedar
Valley fossils also occur in the Mineola and vice
versa, this unconformity does not seem to be par-
ticularly significant. The sand at the base of the
Callaway is probably a local development indica-
tive of the nearness of the area to the Ozark land
mass. With a formation below this sand, the Mine-
ola, carrying Cedar Valley fossils, it does not seem
that it could be equivalent to the Beauvais.
If the Independence shale and the Cedar Valley
limestone are early Upper Devonian, and ho con-
trary evidence has been cited, Upper Devonian
strata are not confined to Iowa. The equivalence of
the Synder Creek to a part at least of the Cedar
Valley is attested by greater fossil evidence than
can be advanced in support of later age. The thick-
ness of the Snyder Creek does not seem to me to be
a criterion prohibiting its equivalence to part of
the Cedar Valley. To use similarity of lithology in
correlating the Snyder Creek and the Lime Creek
shales outcropping in areas several hundred miles
apart is a hazardous procedure and more prone to
error than usage of faunas. Some Upper Devonian
faunas may be provincial but those of the Iowa
Devonian are not necessarily so. The Independence
fauna has been recognized in New Mexico. The
hungerfordi fauna of the Lime Creek has been found
in Arizona and elsewhere. The Ouray fauna is
widespread throughout parts of the western United
States. These distributions can scarcely be termed
provincial.
Although the Snyder Creek is conformable on
the Callaway, tentatively it is correlated in the fore-
going summary with the Lime Creek, whereas in
Iowa, the Lime Creek is separated from the Cedar
Valley by the Shellrock formation, with uncon-
formities above and below. Because the Callaway
should be correlated with the middle Cedar Valley,
this correlation of the Snyder Creek seems to be
untenable.
Finally, I do not believe it can be demonstrated
that the body of shale between the Devonian and
Mississippian limestones in the Forest City basin
includes representatives of the Lime Creek and the
Snyder Creek shales. Until these formations have
been definitely recognized, this shale body can scarce-
ly be cited as evidence of the contemporaneity
of these two formations. More likely this shale
interval consists of the Maple Mill, Sheffield,
Grassy Creek, or other shales referable to the Kin-
derhook jumble.
REMARKS ON CORRELATION OF DEVONIAN FORMATIONS
IN ILLINOIS AND ADJACENT STATES*
G. Arthur Cooper
Assistant Curatory Stratigraphic Paleontology, U. S. National Museum
Problems of Correlation
Several factors combine to make De-
vonian correlations in Illinois and
adjacent states particularly difficult.
In the first place Devonian areas are wide-
ly scattered and no two of them yield the
same sequence. Furthermore the faunas of
the various formations, except in a few in-
stances, are very poorly known. Inasmuch
as nearby areas are so different in composi-
tion and in the nature of their faunas, com-
parison with a standard sequence of un-
broken strata is necessary. In the present
contribution the writer therefore offers his
interpretation of this interesting area in
comparison with the New York sequence
and presents a correlation chart designed
to portray these relationships.
The writer's views are based on study
of the sequences in the field as well as a
knowledge gained from the literature. In
the summer of 1935 the writer, with P. E.
Cloud and A. S. Warthin, visited the Devo-
nian area south of Anna and at Grand
Tower in Illinois and studied the Cedar
Valley sequence under the expert guidance
of Dr. M. A. Stainbrook. The following
year Cooper and Cloud revisited southwest-
ern Illinois and extended their studies in
this region to include the Devonian of Cal-
houn County, the Little Saline area in Ste.
Genevieve County, Missouri, and the Devo-
nian of central Missouri farther to the
north. These studies were made in con-
nection with investigation of the superb
sequence of Devonian rocks exposed in Al-
pena County, Michigan. In this northern
area the writer, in collaboration with Dr.
A. S. Warthin, discovered interesting Cedar
Valley elements high in the Traverse and
beneath lowest Upper Devonian rocks.
* Published with the permission of the Secretary of the
Smithsonian Institution.
In further continuation of the Devonian
studies the writer finally took over active
work on the Devonian correlation chart for
the National Research Council. In the
course of this work decisions as to correla-
tions of Illinois rocks had to be made and
were based on study of the writer's field
collections. The arguments for all assign-
ments are given in the text accompanying
the Devonian correlation chart which is
now completed.
Correlation Chart
Before considering the proposition at
hand a few words on the chart submitted
herewith are necessary. The writer is pro-
posing shifts in the New York column that
cannot be defended by lengthy argument
here, but it is important to point out the
major changes. In the Lower Devonian it
is shown that the Onondaga may, when
compared with the European column, actu-
ally be of Lower Devonian age rather than
Middle Devonian where it had hitherto
been placed. Furthermore, following the
lead of Willard (1939) the Esopus is re-
moved from the Oriskany group to the
Onondaga group, and the Camden, Clear
Creek, and Dutch Creek are correlated
with it.
The major change in the Middle Devo-
nian is to bring the Tully limestone and
Geneseo shale back to their honored posi-
tion in the group where, long ago Hall and
others had placed them. The Tully fauna
has been shown by Cooper and Williams
(1935) to consist mainly of Hamilton spe-
cies. The exotic elements are few and are
all related to Hamilton or other Middle
Devonian types. Even Hypothyridina must
be removed from its Upper Devonian ped-
estal and placed in the told with more
familiar Middle Devonian types. The black
[217]
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Geneseo shale in Kentucky contains Hypo-
thyridina and is therefore intimately related
to the Tully.
Few changes have been made in the major
classification of the Upper Devonian. The
writer has generalized the post-Chemung
part of the column on the chart submitted
herewith, using the term Chautauquan, be-
cause in the Midwest only the Sheffield for-
mation appears in that group.
Lower Devonian
Correlation of the Lower Devonian for-
mations of the Midwest present few diffi-
culties. The writer has assigned the Dutch
Creek to the Camden or Lower Onondaga
because the Dutch Creek fauna contains
Centronella, and Amphigenia. The latter
particularly is a lower Onondaga element
not only in the Midwest but in New York
and Ontario. In both these places the Cam-
den elements appear conspicuously in the
lower part of the Onondaga.
Middle Devonian
A forthcoming study of certain Hamilton
sediments by Cooper and Warthin make
possible for the first time a statement as to
what part of the Hamilton is represented
in the Midwest. These authors will show
that the fauna of the basal Ludlowville
Centerfield formation is the most wide-
spread fauna of the Hamilton and occurs
in the Alpena limestone of Michigan, the
Beechwood limestone of southern Indiana
and northern Kentucky, the Boyle lime-
stone of east-central Kentucky, here con-
fused with the Jeffersonville, the Lingle
limestone of Illinois and the Clifty lime-
stone of Arkansas. Inasmuch as the latter
two limestones form the uppermost repre-
sentative of the Hamilton in the Midwest
it is now possible to state that no Moscow
sediments are known outside of the Appa-
lachians, and upper Ludlowville sediments
are absent from most parts of the Midwest.
Clifty limestone.—In the original collec-
tion of fossils made by Purdue and Miser
the writer discovered Centronella impressa
and Vitulina pustulosa. These species are
known in the Lingle as exposed on a branch
of Lingle Creek and link the formation to
the Lingle limestone (sensu stricto). The
same fossils are also known in the Beech-
wood of Indiana and occur there only in
that sequence. Thus the Clifty and Lingle
are tied to the Centerfield of New York
and are basal Ludlowville.
Grand Tower.—In the section at the
Bake Oven a few feet of limestone under-
lying unequivocal Hamilton beds with
Microcyclus contain a Spirifer closely re-
lated to S. lucasensis of the Dundee-Dela-
ware limestone of Ohio and Michigan
which are of Marcellus age. The Micro-
cyclus beds are likewise assigned to the
Marcellus.
In the Little Saline area the upper part
of the Grand Tower abounds in the brachi-
opod Schizophoria which is a common Mar-
cellus fossil but is generally rare in the
Onondaga. Although the writer is not
certain, it is here suggested that these
Schizophoria beds may be better placed in
the Marcellus than in the Onondaga.
St. Laurent limestone.—At its type sec-
tion on St. Laurent Creek south of St.
Marys, Missouri, this formation abounds
in fossils which are very difficult to place,
but a comparison of the fauna with south-
ern Indiana species suggests correlation with
the Skaneateles division of the New York
Hamilton. Rocks tentatively assigned to
the St. Laurent occur at the Bake Oven,
north of Grand Tower. These rocks were
seen at a low stage of the Mississippi in
1936 and consist of about 40 feet of gray
limestone abounding in flat types of Cho-
netes cf. C. coronatus and Tropidoleptus.
At the base occurs a thin but conspicuous
zone containing the button-shaped coral
Microcyclus. This same zone occurs across
the river from Grand Tower at the Union
School, one mile below Seventy-six on the
Altenburg Quadrangle. Here a granular
limestone at the top abounds in corals and
other fossils suggesting the type Lingle
limestone, although this correlation cannot
be proved. The Microcyclus zone also
occurs south of Grand Tower on a branch
of Clear Creek, 1|4 miles southwest of
Mountain Glen. The writer is not certain
that the limestones in these sections are
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Fig. 53.—Devonian correlation chart.
definitely the St. Laurent because he found
no faunal zones common to the Grand
Tower, Altenburg, and Ste. Genevieve
County areas. Faunally the rocks in both
regions belong in the lower Hamilton,
those of the Grand Tower-Altenburg area
being assigned partly to the Marcellus and
partly to the Skaneateles while those of the
Little Saline area are definitely of Skanea-
teles age. At any rate the name Lingle
should not be used for the Hamilton rocks
at Grand Tower or across the river. The
name should be confined to its type area.
Beauvais sandstone.—The fauna of this
formation as described by Croneis and Hoff-
man (1931) is similar to that of the Silver
Creek limestone of southern Indiana and
belongs in the Skaneateles division of the
Hamilton. The presence of the brachiopod
Rensselandia [Newberria] emphasizes the
post-Marcellus age of this sandstone. Any
attempt to link it with the Dutch Creek
is futile because faunally it is related to the
St. Laurent. This is true lithologically also
because the St. Laurent in its type area is
sandy throughout.
Lingle limestone.—This name should be
restricted to the type area. Sixteen feet
above the Misenheimer shale (a black shale
containing Leiorhynchus) a siliceous bed
abounds in Vitulina and Cenironella to-
gether with other Hamilton types that link
the formation to the Beechwcod of south-
ern Indiana and northern Kentucky and
through these to the Center-field of New
York. Faunally the type Lingle is totally
unlike the St. Laurent.
Misenheimer shale.—As suggested by
Weller (1940) the Misenheimer may rep-
resent a facies of at least part of the St.
Laurent. It is of probable Skaneateles age
rather than Marcellus as previously sug-
gested.
Pegram limestone.—The writer has col-
lected Pegram fossils at several localities
and also examined the collections reported
by Peoples (1931). The latter listed sev-
eral important Onondaga types, which, if
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correctly identified would definitely fix the
age of this thin limestone. One of these
species is Spirifer gregarius, an excellent
guide to the upper Onondaga. The writer
studied Peoples' two specimens identified
as this species but found one of them to be
an Elytha and the other a totally unrelated
spiriferoid. The Nucleocrinus verneuili re-
ported by Foerste was not seen but inas-
much as this genus is abundant in the
numerous Onondaga facies occurring in the
Hamilton elsewhere, its importance in this
case is minimized. The writer therefore
has concluded that the lower part of the
Pegram may be Jeffersonville but that the
fossils do not support this view. The pres-
ence of Hadrophyllum in the Pegram sug-
gests a Delaware (Marcellus) age in part.
Silver Creek species are also present, and
at the top the corals and Tropidoleptus
suggest the Beechwood.
The writer has collected fossils from the
isolated outcrop of Pegram on Mill Creek
in Wayne County. The fossils from the
base included Favosites turbinatus and a
large Schuchertella. These two are sug-
gestive of the Hamilton but not conclusive.
Definite Hamilton species such as Cypri-
cardinia indenta were taken from the middle
of this six-foot formation at this place.
Thus the upper half is definitely Hamilton
but the lower half may be pre-Hamilton,
although the few species found actually
suggest a Hamilton age. The writer has
therefore concluded that the Pegram may
be entirely of Hamilton age but the point
cannot be proved for the lower part.
At the "Whirl," 4 miles north of Baker-
ville, Tennessee, Pegram has been reported,
but inasmuch as this area is far removed
from the main outcrop and as corals occur
in the upper part of the Camden this so-
called Pegram is better assigned to the
Camden.
Cedar Valley limestone.—No species of
unequivocal upper Devonian age are known
from the Cedar Valley. It has been shown
that in Europe Hypothyridina ranges from
the top of the Eifelian through the Fras-
nian. Two species arc known to be associ-
ated with Stringocephalus in the Givctian.
Therefore an upper Devonian age based on
this genus is not to be considered. The
Cedar Valley fauna finds its nearest rela-
tives in the Tully limestone of New York
and beds of Tully age that underlie the
Squaw Bay limestone in Alpena County,
Michigan. The presence of Rensselandia
in the Cedar Valley is also evidence of its
Middle Devonian age. This fossil is no-
where else in the world known outside of
late Eifelian and Givetian equivalents. In
this country it occurs in the middle Hamil-
ton, the Beauvais and the Rogers City
limestone occurring between the Dundee
(Marcellus) and the base of the Traverse
group. In Canada it occurs with Stringo-
cephalus in Mackenzie Valley.
The Cedar Valley is extended southward
into Missouri where it is represented by the
Rensselandia (Newberria) zone, the Mine-
ola, and the Callaway. In Calhoun County,
Illinois, the Cedar Valley from the Prisma-
tophyllum profundum zone to at least the
lower Callaway is represented. Cooper and
Cloud (1938) pointed out the Tully affin-
ities of the basal portion of this sequence
but incorrectly correlated it too high in the
Cedar Valley. Stainbrook (personal com-
munication) has convinced the writer that
their Tully zone of Calhoun County is his
"profunda" zone of the Linwood forma-
tion. It is interesting to note that speci-
mens of the trilobite Scutellum identified
in Calhoun County are similar to a speci-
men found in the upper Traverse of Michi-
gan.
"Chattanooga."—In northeastern Arkan-
sas black shales containing the brachiopod
Schizobolus (Miser 1922) have been as-
signed to the Chattanooga formation. This
brachiopod is a lower Upper Devonian
species occurring from the top of the Ham-
ilton into the Naples but generally marking
the Geneseo. According to the writer's
views these rocks therefore belong in the
Tully group and are not equivalent to the
Chattanooga of Tennessee.
Mineola limestone.— The supposed
Onondaga species of this formation are
mainly mis-identified. Branson admits that
<f
Nucleocrinus verneuili" lacks its outei
shell and was identified on shape onI\.
Blastoids of this type occur in several of the
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Onondaga-like facies of the Hamilton and
are therefore not infallible guides to the
Onondaga. The Mineola fauna is most
suggestive of the Cedar Valley according to
the writer's studies.
Wapsipinicon and Cooper formations.—
These formations contain few fossils but
the similarities are striking. Common forms
are a small Conocardium and an Emanuella
related to E. subumbona. The writer refers
these formations to the Tully group along
with the Cedar Valley for several reasons.
In the first place the Emanuella is a com-
mon Tully form; in the second place the
sublithographic limestone of these forma-
tions is like that of the Potter Farm for-
mation of Michigan which is very closely
related to the Tully and the Cedar Valley.
The Potter Farm contains a gastropod
closely related to the Turbonopsis provi-
dencis (Broadhead) that is abundant in the
Cooper. Greger's list of Cooper fossils is
suggestive of post-Onondaga age. None of
these arguments is conclusive and the writer
admits that a possible case can be made for
correlation with the Onondaga. When first
seen the Coggon limestone of the Wapsi-
pinicon reminded the writer strongly of
certain beds in the Detroit River series.
Despite these similarities correlation with
the Tully at present seems best.
Upper Devonian
The Upper Devonian sediments of the
Midwest present as many knotty problems
as those of the Middle Devonian. Some
of the formations have unfortunately be-
come confused with the Mississippian.
Alto shale.—The reported presence of
Reticularia laevis suggests that this shale
is a representative of the Sherburne (Cor-
nell) formation of New York.
Mountain Glen.—The reported presence
of Barroisella subspatulata suggests that this
formation is about equivalent to the Casha-
qua shale of the Naples group.
Snyder Creek shale.—This is a most diffi-
cult formation to correlate as it contains
I
unequivocal Upper Devonian elements such
I
as Strophonelloides and Pugnoides together
j with typical Middle Devonian types such
as Pentamerella. The formation therefore
is tentatively referred to the Genesee group
but perhaps it should be correlated with
Ithaca or even Chemung beds.
State Quarry limestone.—The abun-
dance of Pugnoides and the presence of
nodose Melocrinus suggest a lower Upper
Devonian age. This formation is therefore
referred to the top of the Genesee group
although it may be of Ithaca age.
Shell Rock limestone.—This formation
contains unequivocal Upper Devonian fos-
sils such as Pachyphyllum, Tenticospirifer
and Platyschisma. Its affinities are to be
found to the west of Iowa rather than with
New York. The Shell Rock fauna appears
in the lower part of the Devils Gate lime-
stone of Nevada (Merriam 1940), in the
Jefferson and Minnewanka limestones of
Montana and Alberta respectively. Ten-
ticospirifer utahensis of the Devils Gate and
Jefferson is like T. shellrockensis Belanski,
and Spirifer argentarius of the two western
formations is very close to Belanski's Spiri-
fer cardinalis.
Independence shale.—The fauna of this
shale is clearly of Upper Devonian age and
occurs in New York in the Nunda (High
Point) sandstone. Its position in the Che-
mung is plain and the fauna represents the
best example of the European cuboides zone
seen on this continent. The Independence
fauna is also widespread in western United
States occurring in New Mexico, Nevada,
California, and Alberta. It also appears
in the Carcajou Mountain beds of the
Mackenzie Valley.
The equivocal position of the Independ-
ence shale in Iowa gives this formation
exceptional importance as it occurs beneath
the Cedar Valley limestone of Iowa which
the writer regards as of unquestioned Mid-
dle Devonian age. It is therefore the
writer's belief that the Independence is not
in its normal stratigraphic position but
occurs in sinks and caverns of the Cedar
Valley (Savage 1920). Whenever seen by
the writer the Independence was surround-
ed by Cedar Valley limestone and beneath
it lay Wapsipinicon limestone; the ground
plan and visible evidence suggesting a sink.
Such sinks filled by black shale have been
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reported in the Silurian in the Chicago area
(Weller, S., 1899). The occurrence, of
the Independence is very spotty and it does
not occupy a uniform outcrop belt like the
other Devonian formations. The writer
believes that the fauna is more significant
than the peculiar physical occurrence of
this formation and is better evidence of its
true position in the stratigraphic column.
It is interesting to point out here that
Stainbrook (1935, p. 260) has correlated
the Cedar Valley with the upper Traverse
of Michigan (Thunder Bay formation).
This Michigan formation underlies the
Squaw Bay limestone, equivalent of the
Genundewa limestone of New York at the
very base of the Upper Devonian. By this
correlation Stainbrook shows true evalua-
tion of the Cedar Valley fauna by indicat-
ing its Tully affinities. Neither in New
York nor in Michigan has any trace of an
Independence fauna been seen in the Ham-
ilton or Traverse groups where it should
appear if it lies below the Cedar Valley.
The Independence fauna is known in New
York nevertheless far above the Hamilton
in the Chemung (Nunda) sandstone.
Sheffield formation.—The presence of
Cyrtospirifer disjunctus and Athyris angeli-
ca is evidence that this formation is of post-
Chemung Canadaway age.
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ECONOMICS OF OIL FIELD PRACTICE
SOME PRACTICAL APPLICATIONS
OF GEOLOGY IN ILLINOIS ROTARY DRILLING
BY
L. A. Mylius
Consulting Geologist, Centralia, Illinois
Bell Brothers, Robinson, Illinois
For many years Illinois was cable-
tool country. On that account some
comments on both cable and rotary
methods of drilling are included in this
article.
Most of the material used in this article
was obtained from derrick-floor experience
with small independent companies or indi-
viduals. Large-company drilling may elim-
inate many of the points mentioned herein.
On an individual's derrick, close deals and
other conditions sometimes make $25 or $50
worth of mud or other things a "luxury."
It is felt that as a large proportion of Illi-
nois drilling is by small companies and
individuals, the layman and others may find
something of value in these notes.
Illinois Sands
It should be noted that the Illinois rock
section above the Devonian so far has pro-
duced from about four Pennsylvanian zones,
seven Chester formations, and five Lower
Mississippian formations, a total of 16.
These vary in thickness up to 100 or 200
feet, and somewhere in the Illinois area
parts of each are productive. In an area
of about a township, the Grayville-Grifrin
country (Wabash County) has production,
varying from place to place, in at least 10
of the above 16 formations. As many as
five have carried oil in a single well. Their
depths near Grayville-Griflin range from
about 1200 feet to about 3200 feet.
Illinois "pays," whether in sand or in
limes, are irregularly lenticular in habit.
Each hole is different, with widely varying
degrees of abruptness, even in the same pool
or on the same lease. The rock pressures
in these pays are usually less than normal.
Many of these lenticular pays have yield-
ed oil without water, but many lenses or
parts of lenses have been found which have
considerable oil saturation yet are produc-
tive of only water or principally water.
Also many other stages have been found
that show less oil saturation down to an
all-water content of the "sand."
In borderline cases (perhaps known as
such only in hindsight) the eye cannot
differentiate with any sound confidence be-
tween a non-water condition and a water-
producing condition. The nose can do a
better job than the eye. Core analysis and
electric logging may be useful aids when
correlated with results of cut-and-try meth-
ods previously used on the same pay and
locality.
In this situation, the geologist should find
an increasing opportunity to help avoid
passing up pays and to obtain usable
"measuring sticks" of sands as they are
encountered in drilling. There are oppor-
tunities to reduce costs with practical safety.
Geologists can primarily watch holes for
oil, not structure. Naming the beds and
determining the lay of the beds has, of
course, some material importance. How-
ever, the usual object of a drilling test is
to establish usable decision aiding measur-
ing sticks, for the one or more sands that
a hole may penetrate, and to have the hole
in shape to obtain the maximum benefit for
the money spent, with a minimum of guess-
work.
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Fig. 54.—Electrically recorded
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The tendency to drill only for predeter-
mined pays is persistent, but in this "land
of lenses" the lesson of drilling the hole for
oil is gradually being learned.
Cable Tool and Rotary Drilling
Conditions make the use of the rotary
drill either advantageous or imperative in
the greater part of the Illinois play. Rotary
drilling does not offer any serious disad-
vantage that cannot be overcome.
Cable tools have the inherent advantage
of simplicity and directness in determining
and correcting fluid conditions as the hole
is drilled or completed. However, in a
cavy fluid-carrying rock section they lack
adaptability, and below medium depths they
are not "good business" for hole making.
The advantage of cable-tool cuttings is
often over-stressed. Rotary cuttings with
a timed drilling operation are usually of
more practical value than cuttings from
cable tools. Detail concerning the pro-
ducing formations for use in completion
and in the producing life of the well is
more readily obtained by the rotary with
cores, timing, samples, and the supplemen-
tary aids available. In pools where water
conditions are known, complete drilling of
the pay by rotary is sometimes preferable
to the alternative deepening, later, by cable
tools.
Both methods have a place and some parts
of Illinois will always be cable-tool country.
Rotary drilling is anything but fool-
proof. However, the routine alertness that
is essential helps expedite the finding of
needed safeguards whereas the inherent
"fool-proof" advantage of cable tools per-
mits much more carelessness with companion
evils. In the rotary method the use of
cemented surface pipe is necessary insurance
for the hole and for performance of the
various functions.
The problems concerning straight hole
and accurate measurements are easily han-
i died and are not discussed here.
Rotary mud is of primary importance.
1 Proper mud permits safe drilling, a prop-
j
erly conditioned hole, and with those there
is also possible good samples, good coring,
good electric logging, good drill stem test-
ing, good pipe running and so forth. Im-
proper mud can alone cause part or all of
the above desirable conditions to go wrong.
In general, a mud above 35 points viscosity
but around 10 pounds per gallon weight
is an approximate safe minimum. An ap-
proximate very good all-purpose mud is
38 points viscosity and 9j/£ pounds per
gallon weight.
Time Log of Rotary Drilling
The accompanying illustration shows 400
feet of drilling time plotted on an electric
log. The lime of a sample log is also plot-
ted. The printed names of beds and com-
ments are interpretations by the operator
of the electric-log machine. Cores were
taken after one- to two-foot drill-offs. That
relative time does not show.
Not all fast drilling indicates porosity,
but all porous rock is fast drilling. That
is not 100 per cent true but very close to
it. It does not mean that the productive
ability of the formation is directly propor-
tionate to the ease with which it drills, but
it means that pays occur in beds that drill
relatively faster than non-producing beds.
In an individual pay the part that is best
will usually drill the fastest, and vise versa.
Drilling with even weight and rotation has
brought that out.
Rotary drilling lends itself to accurate
timing of the rate of drilling progress; also
to recording accurate drilling weight and
speed of rotation. At least one company
uses meters to automatically record these
functions. The future will probably see
most rotary rigs, in the Illinois type of
country, equipped with automatic timing
and automatic sampling devices.
In the meantime various forms of time
logs are now usually carried for at least
part of the hole. Two years ago this was
not the case. A continuous time record is
of primary importance. A simple log pad
with a five-foot timing column, a one-foot
alternative column and room for weight
and other comments, is not difficult for the
crew to keep. Temporary footage marks
on the drilling kelly and note-making of
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drilling weight changes, appreciable rota-
tion changes, new bits and so forth put no
burden on the drilling crew.
New bits may go into the hole at differ-
ent places in different holes, but the relative
drilling-time variation will still be usably
consistent. Drilling time is affected by
many other variables such as size and con-
dition of the pumps, rotation and weight
carried on the drill pipe, condition of the
hole and bit and so forth. There are a few
important exceptions for which one should
be alert, like the fact that a dull polished
rotary bit may "stop going" in sand which
normally drills fast. Another important
exception is that reaming before making
new hole may wear the bit out of gauge
and make subsequent new hole appear
slower than it should. However, the point
that makes the keeping and use of this type
of drilling log practical is that all these
variables fail to destroy a consistent rela-
tive drilling variation in this variable Illi-
nois rock section. In predetermined places,
and in all breaks, drilling time can be kept
by the foot.
Sampling
Granted proper mud and timing, the
samples taken (at least every 5 feet) can
be checked against the time log and are
more intelligently interpreted with that
help. Oil-carrying beds can be located
accurately within six inches to one foot by
a routine operation. The time it takes for
the sample returns to reach the surface
varies per 100 feet of hole depending on
the depth and on many variables such as
the condition of the hole and bit, size and
condition of the pump, condition of the
mud, size and character of the cuttings, and
so forth. However, two minutes per 100
feet is more than is needed at shallow
depths and about ample for stubborn con-
ditions at 3000 feet. Lime cuttings at
4000 feet might take as much as three
minutes per 100 feet to give a good rotary
sample. On every hole at least a few clean-
cut formation changes should be used to
test the rate of sample returns.
Pumping Samples off Bottom
Drillers can be instructed to watch for
and catch the places where the speed of
drilling progress materially increases. After
the penetration of two or three feet in a
fast-drilling break the drilling should stop.
The bit should be picked up about a foot
off bottom and a sample of the formation
pumped up to be inspected before the drill-
ing proceeds. In lime the bit should some-
times be stopped after one foot of "drilling
off." If the sample shows oil a decision to
core or to proceed cautiously or otherwise
can be made. In this way, oil-carrying
reservoirs can be noted and cored, core
analyzed, and/or drill-stem tested before it
is too late. When drilling in a known
probable pay zone, any distinct change in
drilling time, even slowing up, should be
checked with a sample off bottom before
deepening. This helps to guard against
unforeseen condition of the bit.
It is assumed that ordinary common sense
can avoid much unnecessary pumping off
bottom. On an average hole even a very
high total, say 75 pumped samples from
the bottom, might cost only about as much
as one average core. Pumping time costs
no more than $10 per hour. Furthermore,
good coring technique should place the core
head on the oil-carrying rock. Coring from
hard into softer formations rarely results in
average or in a "decisionable" amount of
recovery. The hole that pumps samples
at the "breaks" and shows no oil can be
drilled without coring costs and without
fear of having passed up anything.
The system of pumping samples off bot-
tom results in a relatively cheap control
method which provides for other moves
that may establish usable measuring sticks
before it is too late.
In Illinois, with proper mud on a sampled
hole it is not possible to go through any
oil-carrying formations without both smell-
ing and seeing oil in the cuttings (in fact,
regardless of heavy mud, running water
into the sample box will knock down any-
thing that is in the mud). The problem
in Illinois is not only that the oil beds may
be missed, unless the hole is watched proper-
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ly, but in not stopping in time to core or
otherwise test the oil showing in order to
establish measuring sticks before deepening.
There are various other matters concern-
ing the use of geology around a rotary rig.
Results by the geologist, in considerable
part, depend on the intelligent cooperation
of the drilling crews. Regardless of cast-
iron instructions, better cooperation will be
obtained if the driller knows how the geol-
ogist is going to use the information called
for. Many contractors have achieved equip-
ment and drilling cost savings by intelligent
use of the time log and samples. Coopera-
tion on "those derricks" will do a consider-
able part of the work for the geologist.
All geologists at drilling rigs will do well
always to talk and think, if necessary, in
a language the drillers understand. That
is as important or more important than
other items. The cooperation of the crews
is vital.
Supplementary Aids
Before noting some points on supple-
mentary aids it should be emphasized that
all these aids represent a remarkable step
forward. The ingenuity, persistence, and
business keenness behind these methods can
be realized by their rapid strides into a
permanent otherwise unfilled place in rotary
drilling efficiency. The comments that fol-
low are intended to focus the alertness of
geologists toward the present development
of these valuable newcomers.
In their best functions these services are
not competitive. However, their uses often
overlap and there is often a choice, depend-
ing on the problem. Sometimes the use of
some supplementary aid is imperative.
The drill-stem test.—There are simple
ways that packers can be used on the drill
pipe to shut off the upper part of the open
hole. Illinois formations usually lend them-
selves to good shut-offs. No drill-stem test
is sound if the rotary hole goes deeper into
and leaves exposed in open hole a part of
the rock section that is not needed in the
test. A drill-stem test, with a time log and
only rotary cuttings, may permit a sound
decision on running pipe. Under similar
conditions without samples an electric log
and drill-stem test might permit running
pipe.
In this Illinois district where rock pres-
sures are subnormal, the rotary drills oil-
carrying beds of great variety and with ex-
tremes in permeability, porosity, and other
characteristics. Drilling conditions vary
also. On that account the oil content shown
by the drill-stem test may not be a sound
indication of commercial oil measurement.
Sample data, core study, or other facts may
answer that question. However, the big
danger in Illinois sands is that although
they carry a lot of oil they may produce
chiefly or only water. A drill-stem test
will show water and give some relative
measuring stick of water. For sound moves
a drill-stem test may often be an imperative
operation. In pools where the water and
oil conditions are sufficiently correlated by
"cut and try," other methods usually elim-
inate the need of a drill-stem test.
Core analysis.—Pumping samples off bot-
tom on the "breaks" also permits a chance
to stop and core any saturated strata. Fail-
ure to try to obtain cores will prevent the
use of core analysis. Also, water determina-
tion is of prime importance so the core
wagon should be at the derrick or at least
within two hours of the derrick. Sealed
containers should be used if the wagon is
not at the derrick. Core analysis will note
water either in sand or lime formations and
should usually catch borderline or bad water
conditions with less "cut and try" correla-
tion background than an electric log. For
the water hazard in lime or dolomites, as
yet, core analysis is decidedly preferable
to an electric log.
Core analysis, besides perhaps indicating
the need of a drill-stem test, will give im-
mediate information on the nature of the
reservoir. These data can be used to deter-
mine how best to complete and handle the
well.
It might be noted that per acre recovery
figures computed from core analysis may
take years to correlate, and furthermore that
"gas expansion" or similar estimates may
not refer to ultimate oil production. That
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point might be confused, and perhaps mis-
applied, at least by the layman.
Electric logs.—The electric log is the
most versatile and, partially on that ac-
count, the most widely used supplementary
aid to Illinois rotary drilling. There are
often miscues in the best-planned rotary
drilling. The electric log is a remarkable
"pinch hitter" in some cases (fig. 54).
The principle is simple, and for detecting
formation changes and making measure-
ments in true sands these self-recording
machines are remarkable. If the machines
are working right they do not lie, so far
as is known, but what they tell may not
be understood. Consequently in the inter-
pretation, especially of relative oil and water
content, there is considerable danger unless
the machine has been sufficiently correlated
to justify the decision.
The left-hand electric curve represents
chiefly the permeability of the formations.
A time-drilling log is needed for practical
use of this permeability curve. Otherwise
reservoir tops and reservoirs may be incor-
rectly located and some reservoirs might be
missed. This is especially true in lime and
dolomitic rocks where timed samples or
cores may provide the explanation of bulges
in the permeability curve.
In the Louden (Fayette County) and the
Salem (Marion County) pools the electric
log quickly correlated itself to relative
water and oil conditions in the true sand
bodies. It was then soundly used to reduce
coring and other field expense within rather
wide limits.
In general in the limes and dolomitic
beds, however, interpretations of water and
oil conditions sometimes reflect insufficient
correlation background, or at least suggest
that the variables involved are not yet un-
derstood.
In true sands, as the application of elec-
tric logging has moved over the State, it
has been correlated by "cut and try." It
has had a wide range of reliable usefulness.
Different sands in the same hole need sepa-
rate correlation, and electric logs are not
yet fully caught up. Past experience sug-
gests that it will be possible, within fairly
wide limits, to correlate water and oil con-
ditions in all true sands that locally produce
commercially. However, borderline cases
may always need some other test.
A valuable "over all" use of electric logs
is the information provided showing posi-
tions, some characteristics, and structure of
the formations.
RECENT ADVANCES IN ILLINOIS DRILLING
Bart De Laat
Division Engineer, The Pure Oil Company
The elevation of the State of Illi-
nois from seventh to fourth place in
oil production during the past two
years, with the present production at 10
per cent of the national total, gives some
idea of the magnitude of intensified drill-
ing which has been carried out during this
period. The total number of wells drilled
in the new fields has been nearly 8,000,
about 6 per cent of which are nonproduc-
tive. It is probable that drilling will con-
tinue for at least an additional three years,
although at lesser rates.
Since many of the conditions encountered
in Illinois are distinctly different from those
found in the fields to which most operators
have become accustomed, and since this was
an application of a rapid drilling program
under new conditions, there have been a
number of relatively recent developments
which are of interest and of some value to
the industry as a whole.
As is the case in many fields, the first
exploratory wells were drilled with cable
tools; however, the presence of numerous
water-bearing formations caused a very
early change to rotary drilling, and the only
application of cable tools is in completion
and reconditioning work. Accordingly, all
the developments mentioned concern rotary
drilling.
The requirements for drilling equipment
vary from field to field within the bound-
aries of the State. There is some differ-
ence in the general layout, or sometimes in
the auxiliary equipment used by the various
contractors and companies. However, the
general trend is towards the light weight
type usually called "slim hole" equipment.
One factor which has been of considerable
importance in determining the equipment
used is the extremely unfavorable condition
of the terrain during the winter months.
In some cases the cost of transportation has
been the highest single item of expense in
connection with the drilling of a well. Con-
sequently, this has encouraged the use of
light-weight equipment stripped down to
bare necessities and has caused intensive
effort on the part of companies and con-
tractors to develop efficient means of trans-
portation under such conditions, since drill-
ing must continue throughout the year.
The transportation equipment used under
such adverse conditions is usually heavy-
duty caterpillar tractors equipped with extra
wide tracks for increased bearing area, all
of which carry winch equipment. Machin-
ery and material is hauled as close to loca-
tions as possible, then loaded on mud barges
or mud sleds which are made by covering
a skid frame with boiler plate, and the load
is winched to the location.
Drilling Time
Although the rotary method of drilling
was selected as being the most advanta-
geous, the nature of the formations through-
out the region has worked unusual hard-
ship on the equipment used. The interval
drilled by each bit rarely averages more
than 300 feet. This, of course, not only
consumes a greater number of bits, but is
a factor directly affecting the drilling time,
as the hours per round trip increase with
depth. One company has made an exhaus-
tive analysis of the economic balance be-
tween drilling rate and expense of with-
drawing drill pipe from the hole to change
bits, and has adopted drilling-rate indices at
various points in the hole which determine
the economic limit of bit operation.
In addition, the abrasive nature of the
formations causes severe erosive action on
the drill pipe and particularly the tool-
joints. It has been necessary to replace
tool-joints as much as four times on a string
of drill pipe, while ordinarily the life of the
two is about the same, and in many fields
tool-joints outwear the drill pipe. This
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problem has been partially solved by in-
creasing the size of the tool joint to the
maximum permissible diameter.
Partial hard-facing is used for protection
on joints receiving greatest wear. Field ap-
plication of tool-joints has been developed
to such a point that it is now possible to
replace tool-joints at the well without
machine shop equipment. This is accomp-
lished by the use of a special-shrink type
thread and the joint is applied hot and
turned to a previously determined reference
mark and then permitted to air-cool which
locks the joint in place. In addition, meth-
ods of replacement employing ribbons of
steel or welded sleeves are being used which
greatly reduce the cost of repair.
In an effort to develop means of off-
setting the effect of hard formations on
drilling time, several companies have made
intensive studies of drilling speeds in vari-
ous formations. One simple means is by
using rate-of-penetration studies which are
based on data obtained with industrial
speed-indicating devices and revolution
counters. This equipment yields informa-
tion concerning the number of revolutions
of the bit needed to penetrate the various
formations. From these data the penetra-
tion index is obtained which is the number
of feet cut per thousand revolutions of the
rotary table and is an absolute term or unit
of comparison.
The information obtained by rate-of-
penetration indicators can be converted into
absolute units by using a recorder, provided
speed of rotation is kept constant. Use of
the two instruments yields information
which is of particular advantage in bit-and-
time studies and is even applicable to geo-
logical correlation since relative drilling
rates have been found to check quite closely
with formation changes as shown by elec-
trical logging.
There is a general trend towards deter-
mination of the influences of various factors
affecting drilling. While such studies are
difficult to make, the presence of two major
factors has been an advantage. These fac-
tors are speed of rotation and weight ap-
plied to the bit. Rate of penetration studies
in basin areas show that speeds of 200 to
225 rpm achieve the optimum penetration
index, without serious damage to equip-
ment.
It has also been found that if the weight
applied to the bit can be kept in the neigh-
borhood of 3,000 pounds per inch of bit,
drilling rates are greatly increased. In some
formations doubling the weight increases
the drilling rate 400 per cent, and experi-
ments along this line are being carried out
at the present time by the use of multiple
or tandem drill collars. The size limitations
due to hole diameter are such that it is diffi-
cult to obtain adequate strength in the join-
ing members of these assemblies, and full
advantage of the high-weight principle will
not be realized until this problem is solved.
Another problem peculiar to the Illinois
fields concerns the maintenance of drilling
mud at maximum efficiency. In some areas
the formations are so open that delicate
hydrostatic balance must be maintained be-
tween the fluids in the well bore and the
formation fluids. In addition, the presence
of brackish water in certain fields has made
it necessary to use special mud materials or
to chemically treat the mud stream in order
to obtain the satisfactory properties of gel
strength, viscosity, filtrate, and cake forma-
tion.
Several companies at present are making
circulation studies to determine the effect
upon cement height behind casing. The
usual practice is to mix mud preparatory to
running casing, and it has been found an
advantage to add gel to the slurry. This,
together with casing rotation during the
cementing operation, has obtained satisfac-
tory cement columns with less material.
Owing to the relatively shallow depth
of these fields, about 3,000 feet, it has been
possible to use relatively light-weight rota-
ries. These rigs are principally mechanical,
using medium-speed multi-cylinder engines,
usually skid-mounted to permit easy han-
dling. A few truck-mounted units are in
use.
Trend Toward Smaller Holes
The determination of the size of equip-
ment to be used is dependent on many fac-
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tors, and at present is largely influenced by
the tendency towards smaller hole sizes.
However, comparative tests show that there
is a disadvantage in extremely small holes
with respect to drilling costs, as bit con-
sumption and external abrasion on the drill
pipe are increased. However, to drill a large
hole involves the use of powerful equip-
ment of heavy weight with corresponding
increased cost. It appears that the best
balanced hole for each field is being worked
out by the particular operators in that field,
which explains the differences in hole sizes
found in the various parts of the State.
For example, in the central part of the
basin one company has found a 7^-inch
hole to be the best balanced size, all factors
being taken into account. To drill this hole
at the optimum drilling rate requires about
26 hp at the bit and about 25 hp applied
to the drill pipe. To achieve the speed
bracket desired, it is necessary to have prime
movers of sufficient horsepower to operate
at sustained speeds for long periods of time.
It also follows that drilling at accelerated
rates involves the use of a pump which will
supply sufficient fluid to the bottom of the
hole to flush away all cuttings and keep the
teeth of the bit clean. It will be seen,
therefore, that there are general relation-
ships embodied in the selection of equip-
ment which must be considered if the most
suitable is to be found and applied.
A new development in the drive for
mechanical rigs is the use of the torque
convertor unit which performs the functions
of a hydraulic clutch and transmission.
This permits almost infinite variation of
speeds together with a five-fold increase in
torque whenever needed for acceleration
during the hoisting operation.
As to the future, predictions are always
hazardous, but it may be of interest to point
out some of the notable trends in equip-
ment design and drilling methods.
It is probable that the general trend
towards "slim hole drilling" will continue,
that is, towards reduction in hole size and
casing wherever practical limits are not
exceeded. It is also expected that the tend-
ency towards light-weight drilling equip-
ment will continue and in particular the
truck-mounted units with portable masts
will come into relatively common practice
for shallow drilling.
New methods of logging are now coming
to the front, and it must be remembered
that this is one of the most important ele-
ments in drilling, that is, precise knowledge
of the formations being drilled. Fluoro-
scopic examination of the mud stream to
augment logging is in use in other fields and
may have application in Illinois, particu-
larly for determining oil and gas shows.
Electrical logging continues to be improved
and it is possible that a means of logging
electrically while drilling will be perfected
so that continuous records of the formation
as penetrated will be available, as experi-
ments along these lines continue.
Since drill pipe is subjected to working
loads which lead to its eventual deteriora-
tion and abandonment, while casing never
receives working load but is installed purely
as a construction unit, it is thought that it
may be possible to employ "drill casing"
which will drill and case the hole. Drill
casing will use special coarse-thread coup-
lings, but aside from this feature will be
precisely the same as standard casing. It is
probable that the shallow fields in Illinois
will at least see experiments with this equip-
ment.
Further improvements in materials are
expected, particularly in the field of plastics,
already in use to some extent.
The progress in drilling realized so far
has been the result of effort on the part of
equipment designers, manufacturers, con-
tractors, and producing companies. It is
this common effort which leads to the belief
that progress will continue.
PROGRESS IN ILLINOIS PRODUCTION PRACTICES
David H. Duke
Exploitation Engineer, Shell Oil Co., Inc., Centralia, Illinois
Within the past four years, the
State of Illinois has advanced as
an oil-producing state from tenth
position in the first part of January 1937,
to third position in June 1940. At present
Illinois holds fourth position. In this pe-
riod, Illinois production increased from
12,000 barrels per day in January 1937,
to 490,000 barrels per day in June 1940.
At present, daily production is approxi-
mately 350,000 barrels. From the new
fields, which have been developed in the
last four years, approximately 7,000 wells
have produced more than 225,000,000 bar-
rels of oil, and it is estimated that a reserve
of approximately 300,000,000 barrels of
oil remains to be produced.
Illinois production has been obtained from
both sandstones and limestones. The initial
production of the wells has varied from as
much as 10,000 barrels of oil per well per
day to marginal completions of less than
five barrels per day. In general, the wells
producing from limestones have the largest
initial daily production with rather rapid
decline rates. The wells producing from
sandstone reservoirs usually have smaller
initial production with more gradual pro-
duction decline rates. Many wells are being
produced at capacity, others are being pro-
duced under restricted conditions.
In many Illinois pools, both flowing
and pumping wells are completed. The
production of flowing wells declines until
the reservoir pressures are insufficient for
continuous flow, and pumping equipment
must be installed. It is usually in the transi-
tion stage, when some flowing production is
still obtained by agitation, that difficulty
is encountered in pumping these wells effi-
ciently. In the wells that produce partly
by agitated flow and partly by pumping, the
separation of the gas from the oil within
the pumping equipment may cause gas-lock.
Gas-lock can often be recognized by the
production of excess gas and foamy oil. (las-
lock frequently causes a pound during the
down stroke of the plunger, similar to the'
pound of a well that has been pumped-off.
Gas-lock may sometimes be prevented by the
use of a gas-anchor large enough to permit
the separation of the gas from the oil before
the oil reaches the pump. For the same
purpose of separation, in some wells it is
feasible to drill a pocket below the pro-
ducing formation into which the pump can
be lowered. Further manipulations of the
pumping equipment may also reduce the
effect of the gas-lock. The plunger may
be lowered a few inches to reduce the space
between the traveling valve and the stand-
ing valve. A specially designed standing
valve may be installed to lessen the resist-
ance to incoming fluid. A small gas bleed-
off line at the casinghead, to permit the
escape of gas from the annular space be-
tween the casing and tubing, will release
the gas pressure and assist in overcoming
a gas-lock.
The accumulation of paraffin in the pro-
duction equipment has often interfered with
efficient production practice. The restric-
tion of lead-line capacity by paraffin has
caused considerable trouble in the Salem
and Louden fields. On some leases, winter
temperatures precipitate enough paraffin to
necessitate frequent cleaning of lead-lines.
These paraffin deposits in the lead-lines are
usually so large that circulation of sol-
vents does not take enough of the sediment
into solution. In these two fields, little
trouble has been experienced from paraffin
deposits in the actual pumping equipment.
In some wells of other Illinois fields some
paraffin has been deposited in the tubing.
Most paraffin troubles in this State can be
eleminated by the continuous use of small
quantities of paraffin solvent in the well
bore. In some cases, paraffin may be re-
moved from the tubing by mechanical
scrapers. Heaters are being used success-
fully in several fields to assist in keeping
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the paraffin in solution and in breaking
down oil-water emulsions.
Success in preventing the formation of
oil-field emulsions is directly reflected in re-
duced lifting costs. The agitation of oil
and water, with the presence of finely
divided solids, causes the formation of emul-
sions. Therefore, any method that prevents
their formation must either reduce the
amount of agitation in the wells or utilize
chemical compounds.
The use of badly worn plungers and
valves encourages the mixing of the oil
and water and the forming of emulsions.
On the other hand, the use of a very effi-
cient oil-well pump keeps the agitation of
the oil and water at a minimum. The
forming of permanent emulsions can often
be prevented by introducing treating com-
pounds in the annular space between the
casing and tubing. This method is usually
cheaper and more successful than injecting
chemicals at the tubing head and into the
lead-lines after the emulsions have been
formed. Emulsions are also often formed
in the lead-lines extending from the well
to the settling and stock tanks. In most
cases this may be prevented by avoiding
high pressures in the lead-lines, eliminating
as many bends as possible, and by prevent-
ing the accumulation of paraffin to obstruct
the flow lines.
When emulsions cannot be kept from
forming or cannot be settled out mechan-
ically, it is necessary to use chemical de-
hydrating agents. Emulsions differ so wide-
ly that laboratory tests are often necessary
to determine which treating compound is
most applicable. A centrifuge test will
determine whether the basic sediment is
paraffin, silt, sand, salt, or other sediment.
An emulsion of water in the oil is easily
determined by cloudiness in a thin film of
oil when spread on flat glass. After the
chemicals are introduced, it may be neces-
sary to pass the oil through treating boilers
to reduce the amount of basic sediment and
water to meet pipe-line requirements.
The sanding-up of pumping parts in wells
has also been a problem in Illinois produc-
tion practice, because loose sand is some-
times produced with the oil. This condition
causes high maintenance costs, frequent
pump replacements, and considerable shut-
down time because the sand is harder than
the best steel. Wells of this type should
not be pumped-off, as the exposure of the
sand surface permits free sand grains to
come into the pump more rapidly. Setting
the pump high in the tubing string reduces
the quantity of sand suspended temporarily
in the oil when it enters the pump. The
use of plungers with maximum allowed
clearance and anchors with carefully sized
screens or slotted openings may reduce the
amount of sand that gains entrance to the
working barrel.
Corrosion has not been a serious pumping
problem in the newer Illinois fields. How-
ever, as the age of pumping equipment
increases and salt-water encroachment be-
comes more general, this problem may
become more acute. Corrosion is usually
associated with electrolytic action by chem-
ical compounds in the brines.
Encroachment of water into the wells
is a serious production problem. Frequent-
ly, wells that are producing an excess of
water with the oil pass their economic limit
prematurely and must be abandoned because
of exorbitant lifting costs. In newer wells
in Illinois, a study of the electrical log
is often helpful in establishing the approxi-
mate oil-water contact.
The attempt to shut off bottom-hole
water by releasing cement slurry in the
bottom of the well by means of a dump
bailer is widely used and is successful in
many plug-back jobs. This process is inex-
pensive and does not require special equip-
ment. The cement slurry necessary to fill
the hole to the estimated oil-water contact
is calculated and measured before being
lowered in a dump bailer. After the cement
sets, the plug-back depth may be measured,
and the amount of water shut-off deter-
mined.
Several variations of the displacement
method of plugging back are in practice.
Generally, tubing is run into the hole with-
in a few feet of the bottom, and a calcu-
lated amount of cement slurry is pumped
into the tubing. Following the cement
slurry, a measured amount of fluid is
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pumped into the tubing to displace the
cement and force it to rise to the desired
level. The tubing is then raised to the
desired plug-back level, and excess cement
is removed by reverse circulation. After
the cement plug sets, the results of the
treatment may be determined.
Lead wool is frequently used for plugging
back to shut off bottom-hole water. In
many operations, this method is less success-
ful than cementing methods but is also less
costly.
Chemical formation plugging methods
are also reported to have had successful
applications. These compounds, injected
into the well as liquids, are reported to
form solids in the pore spaces.
The difficulty in obtaining a permanent
water shut-off is increased in wells that
have been shot with nitroglycerin or acid-
ized. In wells that produce very large
percentages of water in their later produc-
tion life, salt water is likely to be produced
in the same interval with the oil, making
it impossible to shut off the water without
cementing off much of the oil production.
In all types of plug-back work, it is im-
portant that the exposed face of the produc-
ing formation be clean and free of mud,
paraffin, and other foreign material in order
to obtain the best results.
Many operators in Illinois favor individ-
ual pumping units, although some oper-
ators are utilizing central pumping powers
where applicable to the lease arrangement.
The application of the back side crank
arrangement in pumping two wells with
one powered unit is frequently used. In
the Sandoval field, one operator utilizes
one powered unit to pump two adjacent
wells by this method.
Casing pumps have also been used suc-
cessfully in Illinois. These pumps are espe-
cially desirable in wells where it is neces-
sary to lift large quantities of fluid. The
electrical submergible pump has also had
several applications in the State, and is used
successfully in wells with large fluid capaci-
ties but with low bottom-hole pressures.
Gas lift has also been used with reported
success.
The most common sources of energy for
pumping power are natural gas, gasoline,
fuel oil, and electricity. Electricity is in-
creasing in importance as a pumping power,
as it is being made available to more out-
lying fields. One company in the Cordes
pool has recently constructed its own diesel-
electric generating plant to provide electric
power for all of its wells in the field. The
desirability and efficiency of electric pump-
ing equipment has been increased by the
development of automatic intermitters that
now include a time clock switch, lightning
arrestor, and over-load cut out.
The installation of pumping equipment
on high foundations where located on the
floodplain of uncontrollable streams and
rivers is common in Illinois producing areas.
This practice prevents damage to equip-
ment and much curtailment of production
during the flood periods.
Well weighing or dynamometer tests are
valuable in determining the size of the
pumping equipment required for specific
pumping conditions. The dynamometer
cards from these tests establish the maxi-
mum polished rod load. The maximum
polished rod load is used to determine the
weight of the counterbalance necessary to
balance the well. Under usual conditions,
four-tenths of the maximum polished rod
load will determine the weight of the
counterbalance. When dynamometer tests
are not available for this purpose, the tenta-
tive A.P.I, empirical formula may be used
to calculate an approximation of the same
data. In making these calculations, the fol-
lowing factors are taken into account:
length of stroke, number of strokes per
minute, size of plunger, weight of rods, and
weight of fluid.
Much progress has been made in the
interpretations of reservoir conditions and
their relation to the evaluation of petro-
leum reserves. The analyses of oil well
cores, the interpretation of electrical logs,
bottom-hole pressure studies, fluid-level de-
terminations, and production-decline curves
are all useful in evaluation studies. The
determination of fluid levels in pumping
wells by the sound-wave method gives close
approximations of actual bottom-hole pies-
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sures with much less difficulty than when
using a pressure bomb. In obtaining actual
bottom-hole pressure measurements at dif-
ferent rates of production, it is always
necessary to pull the rods, and often the
tubing, before and after each test. Either
fluid-level or bottom-hole pressure measure-
ments should be taken at regular periods
during the life of a well. The resulting
data will provide a theoretical producing
capacity of the well, irrespective of the
size or condition of the pumping equipment.
It is also advisable to keep detailed com-
pletion, production, and performance data
of individual wells. These records are often
very useful at a later date in solving the
problems of mature pumping life and re-
conditioning.
The promotion of safety measures is a
standard practice of all good operators.
Most production equipment is now en-
closed to protect the moving parts from
the elements. This is also an important
safety measure. Furthermore, guards and
railings surrounding external moving parts
are in general use as a safety measure.
Cooperation of many operators in the
adoption of safety measures has resulted in
remarkably few injuries in Illinois, when
one considers the intense development and
the numerous townsite fields that are being
produced. In this connection, the effective
work of the Department of Mines and
Minerals safety program in setting up
standards of safety has brought about a
tremendous increase in safety consciousness.
Acknowledgment is made to Mr. Ed
Shakely and Mr. L. E. Sharp for assistance
and suggestions in the preparation of this
paper, and to the Shell Oil Company, In-
corporated for permission to present this
paper.
OIL IN INTERNATIONAL RELATIONS'
Walter H. Voskuil
ABSTRACT
The importance of petroleum to a nation is not to be gauged alone by the demand
for gasoline, for fuel oils, or lubricants. Importance may also be guaged by critical needs,
special functions, irreplaceable services more significantly than by quantity of consumption
solely. Oil is a raw material that is vital to the welfare, the industrial and military strength
of nations, indeed to the very survival of nations. This paper attempts to present a brief
picture of the world oil-producing districts and consuming markets, the political impedi-
ments to the free movement of oil, and some of the international tensions that have arisen as
a result of the fortuitous and uneven manner in which oil resources are distributed geographi-
cally and politically.
Oil and its products are critical in
national economy according to the
economic and political characteris-
tics of the nation under consideration. In
the United States the dominant use is for
automobile transportation, and second in
quantitative importance is the use of fuel
oil for commercial and domestic heating.
This is also true to a large extent in Can^
ada.
In other nations, especially those of
Europe and the Far East, the character
of oil demand differs from that in the
United States. The use of gasoline for
automobile transportation is less, propor-
tionately, in importance. Military and
industrial uses, bunker fuel, truck trans-
portation, and marine use occupy a more
important place among the powers, notably
Great Britain, Germany, Italy, Japan, and
Russia, where undoubtedly military and
naval requirements are far greater than in
the United States in proportion to total
consumption.
In non-military nations such as the Scan-
dinavian countries, oil is important in ma-
rine use for fishing vessels used in coastal
fisheries, as well as in support of the larger
merchant marine activities of these nations.
In nations ill equipped with railroads,
the alternative method of bus transporta-
tion over paved roads is becoming increas-
ingly important.
Because the products of crude petroleum
arc adapted and adaptable to so wide a
1 Reprinted from Bull. Am. Asscx . Petroleum Geologists,
vol. 25, no. 3, Match, 1941.
variety of uses in industry, land and water
transportation, agriculture, and in national
defense, so also there are many other uses
and one or more may be critical or vital to
the welfare of this or that nation.
World Oil Production and World
Oil Producers
Despite the wide distribution of oil pro-
duction in 26 countries and on all continents
except Australia, the most of the production
is centered in five districts or regions. These
are: (1) the North American region, (2)
northern South America, (3) Russia and
the Balkans, (4) the Near East, and (5)
the Far East.
Each of these regions is comprised of
one or more districts. In fact, districts or
even states within the large North Ameri-
can area may exceed in output that of entire
regions elsewhere. These major oil regions
provide 96.5 per cent of the world's supply.
The remainder is obtained from minor
sources, as shown in figure 55, and a few
fields in Europe unidentified on the map.
Relation to consuming centers.—With
the exception of the United States and the
United Socialistic Soviet Republics, the im-
portant industrial nations of the world art'
lacking in petroleum resources within their
own boundaries. This is graphically shown
for leading countries in figure 56. The
implications of this condition are easilj
understood. Inadequate petroleum supplies
at home or the danger of an interruption
of petroleum How from oil districts to the
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Fig. 55.
home industrial centers may stimulate polit-
ical or military reactions of a violent nature.
In order to understand the possible inter-
national reactions to oil supply and flow,
somewhat detailed recording and analysis of
oil movements in international trade are
essential.
We begin with an examination of the
position of the United States. The United
States, because of its dominant position as
an oil producer, significantly affects the
course of international movements of oil.
True, the net export of United States oil is
only about 1 1 per cent of the total domestic
production, but this export quantity looms
large when compared with the needs of
important foreign nations.
For example, the net exports of crude
petroleum and refined products (exports
less imports) in 1938 amounted to 139
million barrels. This exceeds the consump-
tion of every other nation with the excep-
tion of the United Socialistic Soviet Repub-
lics. What, therefore, appears to be a small
part of the oil business of the United States
may be of vital importance to another na-
tion.
The disparity between the oil industry
in the United States and the remaining part
of the world is further illustrated in figure
57. This figure shows the number of days'
supply that would be provided in the
United States by a year's demand in each
of six of the leading consuming nations.
It also shows the number of days' demand
in the United States that would be satisfied
by the annual output of leading producers.
The largest export quantities of oil from
the United States go eastward to the petro-
leum-deficient countries of western Europe,
and the second largest quantity goes to
petroleum-deficient Japan. The westward
movement may be considered internationally
more important critically than the eastward
movement. Consuming nations in western
Europe have access to supplies from Vene-
zuela, Mexico, and the Near East, in addi-
tion to surplus supplies from the United
States, whereas Japan and other far eastern
markets must, under present conditions,
rely principally on the United States.
Petroleum in Pacific Basin
The international flow of petroleum in
the Pacific Basin is dominated by three
elements: the large and growing demand
by Japan ; the large demand for naval pur-
poses at the Singapore base; and the limited
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supply of petroleum production and reserves
in the Far East area.
The consumption of oil for both military
and civil purposes in 1938 in this far eastern
area has been estimated at approximately
110 million barrels. This is somewhat high-
er than the estimates for 1939 due to a
decline in Japanese demand. The principal
consumers in the area are Japan, the Singa-
pore naval base, Australia, British Malay,
the Philippines, and New Zealand. Supply
of oil in the immediate locality is about
78 million barrels or an approximate 32
millions short of demand in the western
Pacific area. The principal movements of
oil in the Pacific Basin are shown in figure
58.
Position of Japan
The largest user of oil in the Pacific
area is Japan, with a recorded consump-
tion of 25 million barrels for civil use and
additional estimated consumption of 16-21
million barrels for military and naval use.
To meet this demand Japan is assured only
its domestic production of about 3 million
barrels, including that obtained from Sak-
halin, together with a limited output of
synthetic fuels. With regard to the produc-
tion of Sakhalin, until 1934, the greater
part of the production of this island was
available to the Japanese by purchase from
the Russian share of the production. Al-
though Japan owns the southern part
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of Sakhalin (Karafuto), exploration has
shown that the most productive oil fields
are in the Russian part of the island.
The oil fields of northern Sakhalin are
of decisive importance to the U.S.S.R. for
the petroleum supply of the Far East area,
because deliveries from the remaining Rus-
sian oil fields have serious difficulties on
account of the long haul involved. Since
1936 a cracking plant has been in operation
at Khabarovsk, in which Sakhalin oil is
refined. At present, enlargement of this
refinery is under way ; but it is not yet
determined when the enlargement will be
in operation. Hitherto for the requirements
of the Far East area, large quantities of
gasoline had to be imported from the United
States. Recently it has been stated that in
the near future the requirements of the Far
East can be met completely out of its own
production. In 1940 two larger cracking
plants are to be built at Komsomolsk and
Nikolayevsk on the Amur River. From
the Russian point of view the petroleum
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production in northern Sakhalin is quite
capable of development, after new oil for-
mations were discovered at Ekhabi. It is
anticipated therefore that petroleum from
Sakhalin will become less available to Japan
in the future.
Nor can the Japanese look to the Dutch
East Indies for an adequate supply of petro-
leum short of a conquest of these islands
and complete occupation. Under present
conditions, the output of oil from the Straits
Settlements is distributed principally to
Singapore, Australia, New Zealand, and
adjacent territories. An exportable surplus
of approximately 10 million barrels is avail-
able, which is now being shipped to Japan.
The policy of the United States with
regard to exports of petroleum and refined
products to Japan becomes of critical im-
portance to the latter. United States has
in the past contributed about three-fourths
of Japan's needs. The predicament of
Japan in the event of an embargo on ship-
ments from California is effectively stated
by Garfias: 3
It might be reasonable to assume that in case
the embargo goes into effect, any deficiency in
Japan's supply that could not be made up from the
East Indies fields could be procured elsewhere. A
careful study of the actual situation, however, pre-
sents quite a different picture; to illustrate, Peru-
vian oil controlled by American interests would be
unavailable. Petroleum from Mexico, Venezuela,
Colombia, and Trinidad would have to be trans-
ported through the Panama Canal. Incidentally,
the distance from these fields to Yokohama is close
to 9,000 miles, or twice the distance from Yokohama
to San Francisco. Petroleum from Iraq will have to
be transported through the Suez Canal and by
Singapore, which could only be possible if Great
Britain does not cooperate with the American em-
bargo. In view of the recent attacks of Japan
against British interests in China, it is hardly to be
expected that Great Britain would take the side of
Japan against the United States in case of an em-
bargo. For the same reason it is very doubtful that
Japan could obtain its needed petroleum supply
from the Persian fields controlled by Great Britain,
or from those in Bahrein Island which are controlled
by American interests.
In this connection, the great importance of the
Singapore base in the Japanese problem of oil sup-
ply should be noted. Singapore, the eastern Gi-
braltar, is considered the most perfect fortress in ex-
istence, where, among other facilities, the British
Government has a storage capacity of 7,000,000
barrels of petroleum products, which can easily be
replenished from the neighboring East Indies fields.
;! V. R. Garfias, "Embargo on Petroleum Would Serious-
ly (ripple Japan," Oil and Gas Jour. (August 31, 1938),
pp. 26, 98.
British Malay, in which Singapore is located, is the
richest British possession or sphere of interest, ex-
porting, among other products, about 1,000 tons of
iron ore to Japan. Northwestern Borneo and the
Sarawak and Brunei possessions not only produce
petroleum, but on account of their location with
respect to Singapore would be of assistance in
guarding the approach of the East Indies from Japan
to the north. With the Singapore base and its
Asiatic fleet, Great Britain could make it necessary
for Japan to transport any oil it might obtain from
Persia, Iraq, Bahrein Island, and Arabia, a practi-
cally prohibitive distance.
It follows, therefore, that practically the only
solution to this problem is for Japan to monopolize
the entire output of the East Indies fields, which
could be done only by depriving the region of its
domestic petroleum supply. To carry out such a
program, the conquest of the East Indies, the cap-
ture of the Singapore base and the British Asiatic
fleet apparently becomes necessary.
Oil Movements in Europe
The European area is here defined to
include the Near East in Asia and North
Africa. A condition of unusually unstable
industrial equilibrium exists in this area.
Here is an area, somewhat smaller than
the United States, if the U.S.S.R. is exclud-
ed, occupied by 350 million people of a high
quality of skill and training. There is also
in this area a supply of basic industrial
raw materials adequate for a high degree
of productivity with a potential prosperity
far above the present level.
There are adequate supplies of coal in
Germany, Poland, and Great Britain, of
iron in France, Sweden, Great Britain, and
Spain, of lead and zinc in Silesia, of oil
supplies in the Near East under European
control, of bauxite for aluminum in France,
Hungary, and Dalmatia, of fertilizer min-
erals, both potash in Germany and phos-
phate in North Africa. All these together
provide the basic materials for a high order
of industrial and agricultural activity.
Imposed upon this physical unit of Europe
is a political system of many small states,
not one of which is supplied with all requi-
site basic materials of industry. We need
simply to call attention to the abundant
iron reserves in a coal-less Sweden or a coal-
poor Germany, or the lack of an adequate
supply of all basic minerals in Italy to make
clear the meaning of this.
The small-state system accompanied by
tariffs, export and import quotas, limita-
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tions on the movements of population, and
other hampering restrictions vitiated the
efforts of management to make the most
effective use of the tremendous productive
power of modern power technology. What
has been accomplished in the large free-
trade area of the United States, with its
large population of high purchasing power,
similarity of languages, of taste, and desires,
and a machine technology that is unsur-
passed elsewhere, in the form of high pro-
ductivity, has so far failed in Europe al-
though the opportunities are comparable.
The efforts to produce substitute or "ersatz"
materials from high-cost materials have sig-
nally failed.
The present struggle is, among other
things, a clash between extreme national-
ism and modern technology. The outcome
is in doubt regardless of which group of
political powers achieves a victory.
Within this struggle, the position of oil
is particularly vital.
Near East-Mediterranean Area
The Near East-Mediterranean area is
here defined to include the oil-producing
districts of Rumania, Iraq, Iran, Bahrein,
and Saudi Arabia. Oil fields of the U.S.S.R.
are considered separately in view of the fact
that nearly all of the Russian output is
used within the U.S.S.R. This area is
truly one of the great oil fields of the world.
It is a prize which is eagerly sought by
more than one European nation and may
at any time be the occasion for a major
military operation (fig. 59).
The reserves of this area are tentatively
estimated at approximately 7,000,000 bar-
rels, exclusive of Saudi Arabia and Bahrein
Island, for which estimates are not avail-
able. 4 This is approximately on the same
scale as Texas reserves and ranks these
among the leading fields of the world.
With the exception of the Rumanian fields,
output is increasing. The rate of growth
and relative importance in output is graph-
ically shown in figure 60.
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These fields supply almost exclusively
the European nations. For some of these,
the Near East oil fields are the sole source
of supply.
The fact of central significance with re-
spect to the Near East oil fields is the
deficiency of petroleum resources in the in-
dustrial nations of western Europe. The
nations of western Europe produce only
7.5 million barrels annually which is ap-
proximately 4 per cent of the needs of
Great Britain, Germany, France, and Italy
under conditions prevailing in 1938 and
1939. The Near East fields take on
an added international significance when
viewed against the background of a politi-
cally divided Europe, comprised of power-
ful industrial nations seeking control of and
domination over needed raw-material sup-
plies—including petroleum. Germany in
particular is vulnerable with respect to its
petroleum supply. Blocked from the re-
sources of the western world by the British
4 V. R. Garfias and R. V. Whetsel, "Estimate of World
Oil Reserves," Trans. Amer. Inst. Min. Met. Eng., vol. 132
<\')V)), p. (>()').
navy during war, Germany is practically
restricted to the limited and declining sup-
plies from Rumania together with a meager
supply from Poland and such oil as Russia
is willing to ship. The Near East oil fields
may become one of the important battle-
grounds of the world.
The current international struggle in
Europe has focused attention on the Ru-
manian oil fields largely because of their
strategic position and accessibility to the
axis powers. Since oil products play a vital
role in air, naval and land warfare, the
battle to secure adequate oil supplies and at
the same time prevent the enemy from ob-
taining such supplies is part of the strategy
of the present war. In this respect the
Rumanian oil industry has been particularly
subject to pressure from contenders on both
sides of the struggle. Nevertheless, the
fields of Persia, Arabia, and Iraq are play-
ing just as important, although not so
noticeable, a part in the struggle for the
control of the Near East.
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Evaluation of Near East fields.—Five
major producing districts, exclusive of Rus-
sia, comprise the oil fields of the Near East.
They are : Iran, Iraq, Saudi Arabia, Egypt,
and Bahrein Island. Together they pro-
duce about 125 million barrels which, if
the area is considered as a unit, places this
area third in rank in the world, exclusive
of the United States, and comparable with
Russia and Venezuela as a producer.
The leading producing nation, Iran,
entered the oil industry in 1913 with pro-
duction steadily rising and new discoveries
continually augmenting the reserves. The
Iraq district entered the picture in 1927
with an initial production of 67,000 barrels,
and rose rapidly to 32 million yearly.
Bahrein Island in the Persian Gulf, and
I Saudi Arabia on the mainland, are new-
I
comers in the oil industry. Reserves in
Iran and Iraq have been estimated at 3,500
million and 2,500 million barrels respective-
ly. Since the discovery and rapid rise of
Bahrein Island among oil producers in 1933,
the attention of oil companies has been
drawn to eastern Arabia, particularly to
that section bordering the Persian gulf.
Exploration and development on Damman
dome on the mainland opposite Bahrein
Island, and in Kuwait, south of the Iraq
border, seem to justify expectations that
this region will some day become one of
the world's important oil-producing dis-
tricts.
Distribution of Near East Oil
Oil from the Near East fields is distrib-
uted almost exclusively to European na-
tions. Only a small quantity is shipped to
British interests in the Far East to supple-
ment oil supply of the Netherlands East
Indies. Routes of transportation are main-
ly over water as follows.
For Russian and Rumanian oil
Black Sea-Mediterranean route
Black Sea-Danubian route
Rail route from Rumania to Germany via
Lwow
For Iraq oil
Mediterranean route via pipe-line terminals
at Haifa and Tripoli
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For Iran, Bahrein Island, and Saudi Arabian oil
Persian Gulf-Red Sea-Suez Canal-Mediter-
ranean route
In this transportation system, the Mediter-
ranean is the principal highway.
Oel und Kohle comments as follows.
Although none of the countries which border on
the Mediterranean Sea has any considerable do-
mestic production of petroleum, yet the Mediter-
ranean Sea possesses in relation to the petroleum
industry an extraordinarily great importance which
deserves keen interest under the existing war situa-
tion. In the first place it is a question of access to
the Black Sea, which indeed is possible only by way
of the Mediterranean. This plays an important
role in the present plans for extending the war. The
Black Sea is the passageway for considerable
quantities of Russian oil from the Caucasus and the
Romanian oil from the margin of the Carpathian
Mountains. A constriction of this traffic by a pene-
trating naval power can create perceptible dis-
turbances, even in the intra-Russian exchange of
petroleum which runs from the terminals of the
Caucasian pipe lines at Batum and Tuapse to the
South Russian harbors and thence in part inland by
the great rivers.
The same route is also to be taken for Russian
deliveries to central and western Europe, so far as
they do not prefer the longer, but for many purposes
cheaper way by sea through the Straits of Gibraltar.
Romanian oil is also transported over the Black
Sea, namely, to Turkish and Bulgarian harbors;
and more than three-fourths of the total Romanian
exports are directed over the Black Sea. At any
rate, so long as the peace of the Black Sea remains
undisturbed, almost the entire export of Russian
and Romanian oil reaches its destinations by way
of the Black Sea and of the straits of the Mediter-
ranean Sea. In the Dardenelles, laden tankers
traveling westward and returning eastward in
ballast are a daily, often an hourly, phenomenon.
The second means of access to the Mediter-
ranean Sea is the Suez Canal. Here pass tankers,
laden principally with oil from Iran (Persia), and to
a smaller extent with oil from the Red Sea fields
of Egypt and from Bahrein, as well as from the
Netherlands East Indies, and British Borneo,
destined to southern and western Europe and north-
ern Africa.
Finally, since 1934, the Mediterranean Sea has
been connected by the terminals of the pipe lines of
the Iraq Petroleum Company on British and French
mandated territory (Haifa and Tripoli) to one of
the great districts of the world oil industry, and has
to take and distribute the entire production of Iraq
(about 32.6 million barrels in 1938).
Under these circumstances naval control of the
Mediterranean Sea, so far as such control can be
exercised in general as a unit, possesses in part a
vital significance for the oil supply of a number of
countries. That is true not only of the countries
bordering the Mediterranean but also of a number
of countries, lying beyond the Straits of Gibraltar,
which receive a part of their petroleum imports by
way of the Mediterranean.
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Oil Movement in 1938
The graphs on oil flow portray the dis-
tribution of oil in the year 1938.
In a Europe divided by conflict, the oil
fields and routes of transportation offer
many vulnerable points open to attack.
British control of the Atlantic ocean grad-
ually reduced shipments from the Americas
to Central Europe. Oil movements through
the Mediterranean destined to Great Brit-
ain are subject to attack by Italy and move-
ments through the Bosphorus are subject to
the will of the Turkish Government in con-
trol of the Straits, and the British fleet in
the Mediterranean. Refineries on Bahrein
Island have been bombed by the Italian air
force and refineries at Abadan, and oil
terminals at Haifa and Tripoli are likewise
vulnerable. The drastic effects of the war
and naval blockade can be appreciated by
comparing present restrictions with the nor-
mal flow in 1938.
The distribution of petroleum from Ru-
manian and the Near East oil fields to
consuming nations is portrayed in figures
61, 62, and 63. The relationship of the
oil fields in Iraq and Iran to consuming
nations is of particular interest. Oil from
the Iraq fields (fig. 62) moves by pipe line
to terminals at Tripoli in Syria and Haifa
in Palestine. Although the oil fields are
owned by both British and French interests,
the bulk of the oil moves to France as crude
oil for refining. A refinery is in process
of construction at Haifa.
Oil from the Iran fields (fig. 63) is
largely refined before shipment. In addi-
tion to the normal movement to the British
Isles, the products of these refineries supply
also the British naval and air forces in the
Near East.
Problems of Major European Powers
The entry of Italy into the European
war disrupted the normal flow of petroleum
and its products, necessitating the establish-
ment of new lines of flow. Shipments
through and into the Mediterranean were
sharply curtailed or stopped altogether. Oil
from Iran destined for England was re-
directed to the Cape of Good Hope route.
Each of the participants in the European
struggle was contronted with a problem of
oil supply.
Great Britain.—Aside from the necessity
of maintaining connections with oil supplies
in both the Netherlands West Indies and
the Near East oil fields, Great Britain
must safeguard the supply of naval fuel
and avaition gasoline for the operations in
Egypt and the eastern Mediterannean. The
main sources of refined fuels are the refin-
eries at Abadan and on Bahrein Island with
capacities of 280,000 and 32,500 barrels
daily, respectively. A 40,000-barrel refinery
in Haifa at the British terminal of the pipe
line from the fields in Iraq adds to the
eastern Mediterranean supply.
In the Pacific area, the principal concern
of Great Britain is to safeguard the supply
of oil for the Singapore naval base. This
oil is obtained almost exclusively from the
Netherlands East Indies and Sarawak (fig.
58).
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imports of petroleum into the united kingdom, 1938
Fig. 64.
Problem of Germany.—Although Ger-
many has a small petroleum industry ap-
proximating 4 million barrels a year, the
main dependence of this section is on
imports and on hydrogenated and synthetic
liquid fuels. The German picture in 1938
was as follows.
1,000 Barrels
Imports of crude and refined oils .... 31 ,300
Synthetic motor fuels 18 ,900
Domestic production . 4,400
Total 54,600
The source of petroleum and its products
in that year is shown in figure 65. With
the exception of small shipments from
Russia, Rumania, Iran, and the Far East,
the German nation placed its dependence
for oil on the western world.
With the outbreak of hostilities, certain
sources of oil were closed to Germany or
at least sharply curtailed. It is reported
that petroleum from the Americas contin-
ued to flow into Germany through Italy,
Spain, and the Low Countries, for several
months during the course of the war. The
conquest of the Low Countries and France
and the entry of Italy into the war enabled
the British to establish a more effective
blockade in the Atlantic and through the
Red Sea route so that, at the present time,
Germany is limited to the resources of
Rumania together with the meager Euro-
pean production and to whatever supplies
she is able to obtain from U.S.S.R. The
problem for Germany, however, is more
than merely shifting from one source to an-
other. The gross output of Rumania may
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appear to be sufficient for Germany's needs,
if all other sources of supply are cut off, but
may nevertheless be insufficient in two re-
spects : ( 1 ) the refined products of Ruma-
nian crude may not coincide with German
needs; (2) the population of conquered
nations must be maintained and, for this
maintenance, a certain amount of petroleum
to operate fishing vessels and transportation
is necessary.
The problems of Italy with respect to oil
are practically identical with those of Ger-
many (fig. 66).
Position of U.S.S.R.—As the largest pro-
ducer of oil in the European area, the posi-
tion of the U.S.S.R. must be considered.
Although the U.S.S.R. claims large reserves
and claims that oil is being produced in
several districts, the Baku district is still
the backbone of the oil industry, with 60-
70 per cent of the total production. The
U.S.S.R. is at present not an important
factor in the international oil trade of the
Near East. Exports of crude petroleum and
refined products have fallen from a high
level of 30 per cent of production in 1932
to 4 per cent of production in 1938. Mean-
while production has risen each year. The
program of industrial development, military
expansion, and mechanization of agriculture
has tended to absorb most of the oil output
of the U.S.S.R.
Russian Production of Crude Production*
Year 1,000 Barrels Exports
1929 100,000 28,742
1930 127,000 35,970
1931 166,000 39,693
1932 157,000 45,897
1933 157,000 36,241
1934 178,000 31,925
1935 185,000 24,483
1936 202,000 19,340
1937 199,000 14,604
a 1938 206,000 7,922
b 1939 217,000
Relation of Western World to
Oil Trade
Venezuela, through the refineries in the
Netherlands West Indies, is, in normal
times, an important contributor to the oil
supplies of Europe. Of a total export of
130 million barrels in 1938, Europe took
*Roush, Mineral Industry during 1939, vol. 48, p. 418.
a Preliminary.
b Estimated by Oil Weekly.
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ITALIAN IMPORTS OF PETROLEUM, 1938
Fig. 66.
44 million barrels of gasoline and fuel oil.
The principal takers were the United King-
dom, Germany, the Netherlands, and Italy.
Production in Venezuela so far exceeds con-
sumption in the South American area that
a surplus is available for export. Shipments
to the United States are limited mainly to
consumption by seaboard refineries as to im-
ports in bond.
The position of the United States in the
oil trade of the world has been stated at
the beginning of the paper. These two sur-
plus areas can provide western Europe with
all its oil needs.
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INDUSTRIAL MINERALS
RESISTANCE OF CHICAGO AREA DOLOMITES TO
FREEZING AND THAWING
H. B. WlLLMAN
Associate Geologist, Illinois State Geological Survey
Introduction
The area around Chicago, including
Joliet and Kankakee, is the largest
stone-producing district in Illinois.
In 1938, 3j/£ million tons of stone were
produced in this area from dolomite depos-
its of Silurian age. The data available
regarding the resistance to weathering of
the various dolomite strata in the Chicago
area are mostly fragmentary and not gen-
erally comparable. Also, there is need for
information regarding what Chicago area
rocks possess superior weather-resistance to
meet the requirements of special uses, such
as filter stone for sewage-disposal works.
In view of this situation an investiga-
tion has been carried out whose objectives
were to determine the soundness of the
Chicago area dolomites as measured by
the freezing and thawing soundness test
and the sodium sulphate soundness test, and
to correlate the results of these tests with
the lithologic character and the resistance
of the stone to weathering, both in natural
outcrops and in structures in which the
stone has been long exposed to the weather.
The study has been cooperative between
three State agencies. The Illinois Geologi-
cal Survey collected samples, studied their
physical character, composition, and weath-
er resistance in outcrops and structures.
The Bureau of Materials of the State
Division of Highways made freezing and
thawing, apparent specific gravity, and ab-
sorption tests, and the Engineering Experi-
ment Station of the University of Illinois
made sodium sulphate soundness tests. The
part of the investigation by the State Geo-
logical Survey was under the direction of
Dr. M. M. Leighton, Chief, and Mr. J. E.
Lamar, Geologist and Head of the Indus-
trial Minerals Division; the part by the
Bureau of Materials was under the direc-
tion of Mr. V. L. Glover, Engineer of
Materials, Mr. W. H. Schneider, and Mr.
S. M. Peters; and the part by the Engineer-
ing Experiment Station was under the di-
rection of Professor E. E. Bauer.
A great deal of information has resulted
from these studies, but it is proposed in this
paper to discuss only the relationships be-
tween some of the physical characteristics
of the dolomites and the results of the
freezing and thawing tests.
Samples
The quarries selected for sampling gave
two vertical sequences of samples across
about 350 of the 450 feet of dolomite for-
mations. With a few exceptions the samples
were taken from recently exposed faces in
working quarries. Samples of about 75
pounds each were collected at vertical inter-
vals of 2 to 4 feet depending on accessibility
and the uniformity of the rock. About 15
to 20 samples were taken from each of 12
quarries, totaling 224 samples.
Dolomite Types
As it was deemed impractical to run the
weathering tests to complete failure on all
the samples, the rocks were classified into
lithologic types, and representative samples
of each type were selected for exhaustive
tests. The classification into types was
made principally on those readily visible
characteristics which it was thought might,
affect the weather resistance of the dolo-
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Table 1.
—
Distinguishing Characteristics of the Types
Type Comparative
grain size
Macroporosity Other characters
Average %
insoluble
residue
Number
of
samples
A Fine
Fine
Fine
Fine
Medium
Medium
Medium
Medium
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Low 13.1
24.7
11.0
7.7
4.1
4.3
13.4
2.5
6.5
9.0
1.2
.5
1.3
.9
.8
48
B Low
Low
Medium
Clay laminae 12
C
D
Variable texture 6
21
E Low 15
F Low
Low
Variable texture 7
G Silicified 1
H Medium 27
J
K
Low 13
Low
Medium
Pink, few clay laminae 8
L 29
M
N
Medium
High
Bituminous 6
12
High
Medium and high . . .
Bituminous 8
P Some ^it-inch or larger cavities. . 11
mite. Thus the types could easily be recog-
nized in the quarries and information re-
garding them could be used in controlling
production.
The differentiation of the various kinds
of dolomite into types is based principally
on grain size, porosity, and structure. Fif-
teen types were separated and their charac-
ter and relative abundance are shown in
table 1.
All of the dolomite samples are fine-
grained, containing few grains as large as
0.5 mm. In spite of the small grain size
the samples can be roughly subdivided on
the basis of visible differences, which can
be verified by thin-sections, into three
groups which are designated as compara-
tively fine, medium, and coarse. The fine-
grained dolomites have a dull powdery
surface, and their crystalline character is
only very faintly if at all visible to the
naked eye. The medium-grained dolomites
are distinctly crystalline and reflections
from the crystal faces can be seen when
examined under strong light. The larger
size of the crystals in the coarse-grained
dolomites is likewise evident from an exam-
ination of the reflections, and individual
rhombohedral crystals can frequently be
distinguished.
The types were further differentiated
according to the amount of porosity visible
to the naked eye, called "macroporosity."
The relative amounts of macroporosity were
determined by comparing the samples with
certain specimens which were arbitrarily
selected to mark the limits of low, medium,
and high macroporosity. Figure 72 shows
a typical sample with low macroporosity;
figure 76 illustrates medium macroporosity,
and figure 77 high macroporosity.
Certain conspicuous structural character-
istics were also used in the separation of
the types. Etching the surfaces of the dolo-
mites with hydrochloric acid brings out
these structures and shows others not evi-
dent on the fresh surfaces. In figure 67,
the upper left picture shows a rock with
low insoluble residue (type E) showing
the even distribution of the very fine-grained
residue, except for the local deposit of
secondary silica near the top. The other
pictures show the uneven distribution of
the residue, typical of rocks containing large
amounts of insoluble residue. The upper
right picture shows a rock (type A) with
concentrations of quartz silt in short lentic-
ular curved ridges. In the lower left the
dark lines are clay laminae (type B). In
the lower right, a rock with a variable
texture (type C) has a large amount of
insoluble residue in the lower part, and
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_
_
X 4
Even distribution
12% residue X
In lenticular areas
21% residue
Clay partings
14% residue X 4
In irregular areas
Fig. 67.—Etched surfaces showing distribution of the insoluble residue.
very little at the top. The silt grains stand
in relief and are light colored.
Two types are differentiated because they
contain an abundance of bitumen in the
pores.
The Silurian dolomites, especially the
Racine-Waukesha formation in the upper
part of the Silurian strata, contain large
coral reefs or bioherms. Types L to P are
common reef rocks; the other types occur
in the inter-reef or nonreef phases.
Chert may locally be found in any of the
types but it is most abundant in types A,
B, C, and E, and is relatively rare in the
coarse-grained types. An attempt was made
to exclude chert from all the samples as
most of the chert in these formations is
known to have low weather-resistance.
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Mineral Composition
Staining tests and microscopic and X-ray
examinations indicate that the carbonate
mineral in these rocks is almost entirely
dolomite, although a little secondary calcite
occurs in some of the pores. Numerous
chemical analyses also show that the mag-
nesium and calcium carbonates are present
in proportions very close to those required
for pure dolomite.
Insoluble Residues
As the carbonates are almost entirely the
mineral dolomite, the principal chemical
variations of these rocks result from varia-
tions in the character and amount of the
noncarbonate materials. The noncarbonate
materials are largely insoluble in hydro-
chloric acid, and the amount of material
insoluble in hydrochloric acid, called the
insoluble residue, has been determined for
all the samples. Table 1 shows there is a
rough correlation between physical proper-
ties and composition as measured by the
average amount of insoluble residue in each
type. The fine-grained rocks contain a rela-
tively large but variable amount of insol-
uble residue. The medium-grained rocks
have an intermediate amount of residue
with the exception of type G which contains
secondary silica. Most of the coarse-grained
rocks have only a small amount of residue.
The two exceptions, types J and K, al-
though predominantly coarse-grained, con-
tain a few clay partings and some irregular
fine-grained areas with relatively high
amounts of residue. Those with the most
clay laminae were also distinctly pink, and
were separated in type K, but they contain
many fewer clay laminae than the fine-
grained dolomites with clay laminae (type
B).
There is also a correlation between mac-
roporosity and the amount of insoluble resi-
due. Within each grain-size group, the
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Fig. 71.—Breakage of type A at 790 cycle
rocks of low macroporosity contain more
insoluble residue than those of medium and
high porosity.
Freezing and Thawing Tests
The procedure followed by the Bureau
of Materials in making the freezing and
thawing tests was as follows
:
Ten specimens about ll/8 xll/8 xi ]/^
inches were broken from each sample to
fit closely in individual containers which
were perforated so that excess water could
be drained while keeping together the brok-
en fragments of each specimen. The 10
containers were placed in a pan and the sam-
ple was immersed for 72 hours, after which
the excess water was drained, leaving about
Y\ inch of water in the pan. The sample
was then put in the freezing room which
was maintained at a temperature of 0° to
4°F. After freezing, the sample was placed
in ;i large oven until the last of the ice was
melted. After melting, water was poured
over the sample, allowed to stand 30 min-
utes, the excess drained oft, and the sample
returned to the freezing room. Two cycles
were run in a day, one of the freezing
periods being over night, the other 3 to 4
hours. As failures occurred the specimens
were removed from the test. Representa-
tive samples of each type were subjected to
790 cycles, as many as time permitted, unless
failure developed earlier. All other samples
were subjected to 200 cycles. Photostatic
pictures were made of the specimens both
before and after testing.
During the tests the specimens were ex-
amined at regular intervals and whenever
important changes occurred the condition
of the specimens was described using the
terms slaking or crumbling, flaking, chip-
ping, cracking and splitting (fig. 68). Al-
though there are some differences between
the types of dolomite in the manner of
breakage, generally those samples which
were badly broken showed all these types
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of breakage, frequently by flaking first, later
by chipping and splitting.
Breakage Modulus
The relative effects of the freezing and
thawing tests on the samples can be deter-
mined by comparing the pictures of the
samples after the tests. However, for a
correlation of the freezing and thawing
tests with other tests a mathematical evalu-
ation of the pictures was needed and for
this a "breakage modulus" has been devised.
Certain pictures (fig. 69) of samples were
arbitrarily selected as marking the division
point between four degrees of breakage,
which are called low, medium, high, and
failure, and which are numbered 1 to 4,
4 indicating failure. By comparing the
standard pictures with the pictures of the
samples after the tests, each of the 10 speci-
mens in the sample was assigned a number
according to its degree of breakage, indi-
cating no breakage. By adding the breakage
numbers of the individual specimens and
dividing by the number of the specimens
in the sample (in these tests always 10),
the breakage modulus is obtained. The
modulus therefore varies from to 4—from
no breakage to failure. In these tests the
modulus describes the condition of the
samples after 200 cycles.
Results of the Freezing and
Thawing Tests
The effect of the freezing and thawing
test on several types is shown in figures 70-
77. Figure 70 shows the medium breakage
of the fine-grained low-macroporosity dolo-
mite, type A, at 200 cycles. The condition
of the same type of dolomite, although a
different sample at 790 cycles, is shown in
figure 71. All were considered to have
failed except the center sample in the top
row and the second from the right in the
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Fig. 73.—Breakage of type C at 130 cycles.
lower row. One of the samples failed at
295 cycles, one at 330, four at 390 cycles,
and of the remaining 4 samples, two were
considered to have failed at 790 cycles. No
breakage at all was reported until after 112
cycles.
The effect of the test on type B dolomite,
the fine-grained low-macroporosity dolomite
with clay partings, is shown in figure 72.
One specimen failed at 111 cycles and by
230 cycles they had all failed.
The effect of the tests on a sample of
fine-grained dolomite with a variable tex-
ture, type C, is shown in figure 73. One
specimen of this sample failed at 25 cycles
and all had failed by 130 cycles.
The condition of a sample of medium-
grained dolomite with low macroporosity,
type E, at the end of 200 cycles is shown
in figure 74. The action is slight. As
shown in figure 75, the action is not much
greater at the end of 790 cycles.
The condition of type H, the medium-
grained dolomite with medium macropo-
rosity, at the end of 790 cycles is shown in
figure 76. The breakage was negligible.
Type N, the coarse-grained, high-macro-
porosity dolomite, had a similar condition at
the end of 790 cycles as shown by figure 77.
Relation of Failure to Structure
Study of the test results shows that many
of the failures may be attributed to the
structure of the dolomite. Those types con-
taining abundant clay partings fail early in
the test, due to breaking along the part-
ings. The amount of breakage caused by
clay partings depends on the spacing of the
clay partings and the size of the test pieces.
Samples with partings more than an inch
or two apart might show little breakage as
in their preparation the test specimens
would likely break along the partings and
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have a few partings inside. A commercial
product of equivalent or smaller size might
also show little breakage, but where the
dolomite was used in large pieces breakage
by freezing and thawing might be im-
portant.
Relation of Failure to Physical
Properties of the Types
The relation of the average breakage
moduli of the types to certain physical prop-
erties is shown in table 2. In general the
I amount of breakage decreases with increase
i in grain size, although there are a few
| exceptions. Types J and K show a greater
I failure than the other coarse-grained types
I
because they contain clay laminae (see p.
J
253).
The dolomites with low macroporosity
generally have higher breakage than those
with medium and high macroporosity.
Type B which has medium macroporosity
and fine grain size, shows the opposing
effect of these two factors by having higher
breakage than the other medium-grained
types and lower breakage than the other
fine-grained types.
Total porosity does not always correlate
closely with the macroporosity nor with
the breakage modulus. High water absorp-
tion is usually accompanied by low resist-
ance to freezing and thawing, but there
are many exceptions. However, the combi-
nation of high absorption and low macro-
porosity almost invariably results in a dolo-
mite with a high breakage modulus.
Certain of the types were separated on
the basis of characters which, so far as
these tests show, do not have a significant
effect on resistance to freezing and thawing.
Types M and O, which were differentiated
because they contained a conspicuous amount
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Fig. 75.—Breakage of type E at 790 cycles.
Table 2.
—
Relation of the Breakage Modulus to Other Properties
Breakage Type Grain Macro- Total
Absorp-
Insoluble
Satura- Number
modulus size porosity porosity tionby vol. residue
tion co-
efficient
samples
3.8 B Fine Low 9.2 7.7 24.7 .84 12
3.6 C Fine Low 8.7 6.7 11.0 .79 6
2.5 A Fine Low 7.7 5.8 13.1 .72 48
1.9 K Coarse Low 4.6 3.0 9.0 .64 8
1.6 D Fine Medium 9.8 5.9 7.7 .60 21
1.2 J Coarse Low 4.2 2.4 6.5 .58 13
1 1 F Medium Low 7.8 4.0 4.3 .52 7
1.0 E Medium Low 6.1 3.2 4.1 .52 15
0.6 H Medium Medium 8.9 3.5 2.5 .39 27
0.5 N Coarse High 12.4 4.6 1.3 .37 12
0.4 M Coarse Medium 7.0 1.9 .5 .27 6
0.4 P Coarse High 4.5 11.2 .8 .40 11
0.3 L Coarse Medium 7.6 2.5 1.2 .33 29
0.2 O Coarse High 14.2 4.9 .9 .34 8
0.0 G Medium Low 2.8 1.1 13.4 .39 1
of bitumen in the pores, showed the same
slight breakage as similar types without
bitumen (types L and N). Also, the pres-
ence of large cavities (type P) did not
decrease the resistance of the dolomite to
weathering.
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Fig. 76.—Breakage of type H at 790 cycles.
Relation of Failure to the Amount
of Insoluble Residue
The average amount of the insoluble resi-
dues in the types shows a good correlation
with the breakage modulus, the amount of
breakage decreasing with decrease in the
amount of residues (table 2). Exceptions
may usually be explained by an irregular
distribution of the insoluble materials in
the dolomite. Type G dolomite with its
high residue is the one sample of partly
silicified dolomite. The presence of sec-
ondary quartz in part explains the low
porosity, the lowest of all the samples
studied, and the additional strength im-
parted by the connected veinlets of the
quartz is probably responsible for its low
breakage.
The relation of the breakage modulus to
the amount of insoluble residue for all the
samples regardless of type is shown in figure
78 in which each sample is plotted accord-
ing to its breakage modulus, and the amount
of residue ; the vertical bars indicate the
average breakage modulus for all the sam-
ples plotted within each horizontal bar.
The average breakage moduli show a defi-
nite trend toward greater breakage with
increasing amounts of residue. However,
the individual samples within each group
show a considerable range, or scattering,
which might be expected because of the
importance of other factors such as mineral
composition and manner of distribution of
the residue in controlling breakage. Never-
theless, the generalization may be made on
the basis of these test data that Chicago
area dolomite with less than 2 per cent
residue will not have a breakage modulus
of over 1.0, that dolomite with less than
6 per cent residue will not have a breakage
modulus of over 2.0, and if the residue is
over 10 per cent, the breakage modulus is
likely to be about 2.0 or more.
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Fig. 77.—Breakage of type N at 790 cycles.
Relation of Failure to the
Saturation Coefficient
The breakage modulus shows a closer
correlation with the average saturation co-
efficient of the types than does the amount
of insoluble residue. The saturation coeffi-
cient, devised by Hirschwald, 1 is the ratio
of the water absorbed by volume in 24
hours to the total porosity of the rock. It
is, therefore, a measure of the degree of sat-
uration which is easily obtained, and it is
a rough measure of the saturation of the
sample under the conditions of the freezing
and thawing test. Those types (table 2)
with a saturation coefficient of less than 0.6
are in the range of low breakage; those
with a saturation coefficient of 0.6 to 0.7
1
I In gchwald, J., Ilaridbucli dcr bautechnischen Gestcin-
sprufiing, Berlin, 1912, p. 199, et scq.
are in the range of medium breakage, and
those with a higher saturation coefficient
have high breakage.
The correlation between the breakage
modulus and the saturation coefficient for
all samples regardless of type is shown in
figure 79. As water expands 10 per cent on
freezing, theoretically no failure should oc-
cur unless the rock has a saturation coeffi-
cient of 0.9, which is equivalent to 90 per
cent saturation. In practice, however,
Hirschwald 2 and others 3 found that some
rocks with a coefficient of 0.7 to 0.8 were
unsound while others with a coefficient of
more than 0.8 were not affected. The pres-
ent tests indicate there is no specific satura-
2 Hirschwald, J. op. cit. \
3 Kreuger, H., Ingeniois Utenskaps Akademien, Hand-
lingar No. 24, Stockholm, 1924.
Schaffer, R. L, The weathering of natural building
stones: Dept. of Scientific and Industrial Research, Build-
ing Research Special Report 18, 1932, p. 49.
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tion coefficient above which the rock fails,
and below which it is sound. Rather there
is a fairly uniform gradation from low
breakage with the low coefficients to high
breakage with the high coefficients. Some
variations would naturally be expected be-
cause of variations in the amount of uncon-
nected pore space, in permeability, and in
structure. In some cases parts of the test
specimens may reach a saturation of 90
per cent or more while other parts have a
lower saturation.
The results of the present tests show a
much closer correlation between the satu-
ration coefficient and the degree of break-
12 3 4
BREAKAGE MODULUS
Fig. 80.—Columnar section of the Chicago area
dolomites showing vertical variation in the degree
of breakage by the freezing and thawing test.
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age than previous investigations have indi-
cated. This may be because all the rocks
tested in the present study are closely re-
lated in chemical and mineral composition.
Considering the limitations of accuracy
in the measurements of apparent and true
specific gravity and water absorption, all of
which are needed to calculate the saturation
coefficient, the accuracy of the latter as
determined in this investigation is probably
in the order of ± 0.05 and in certain cases
± 0.1. Nevertheless, the average of the
coefficients of many samples is likely to be
significant. These data correlate closely
enough to indicate that when the satura-
tion coefficient is known the breakage mod-
ulus can be estimated with reasonable accu-
racy.
Relation between Geological Forma-
tions and Freezing and Thawing
Test Results
The resistance of the Chicago area dolo-
mites by geological formations to 200 cycles
of freezing and thawing is shown in figure
80. This is a composite section of the sam-
ples from several quarries plotted according
to their thicknesses and breakage moduli. It
shows the variable breakage of the Kanka-
kee formation, the comparatively high break-
age of the lower part of the Joliet forma-
tion, an interval of low breakage in the
upper Joliet, and a considerable thickness
of high breakage dolomite in the lower part
of the Waukesha-Racine formation. The
low breakage dolomite in the upper part of
the Waukesha-Racine formation is reef-
rock.
Although these data show that certain
parts of the dolomite formations have con-
siderable breakage when subjected to 200
cycles of freezing and thawing, this should
not be interpreted to mean that such stone
is unsuitable for many purposes. For exam-
ple, in the use of stone for concrete aggre-
gate, stone which withstands 100 cycles is
usually considered satisfactory, and on this
basis the dolomite samples as a whole
showed good resistance to the freezing and
thawing tests. The degree of breakage at
200 cycles is of value in the selection of
stone for purposes where it is to be sub-
jected to unusually severe conditions of
freezing and thawing. The tests show that
samples having very low breakage at 200
cycles also have little breakage at 790 cycles.
Summary
The following generalizations may be
made regarding the resistance of the Chi-
cago dolomites to freezing and thawing
tests
:
1. It is possible, on the basis of readily
determinable textural and compositional
features of the Chicago area dolomites, to
forecast with reasonable accuracy their re-
sistance to freezing and thawing.
2. The coarser-grained dolomites have
higher resistance to freezing and thawing
than the finer-grained rocks, except when
clay partings are present.
3. The dolomites with medium and high
macroporosity have greater resistance to
freezing and thawing than do those with
low macroporosity.
4. In general, the higher the amount of
insoluble residue the lower the resistance
to freezing and thawing, but some excep-
tions result from variations in the compo-
sition of the noncarbonate materials and
their distribution. Dolomites containing
clay partings especially have low resistance.
5. In general, the higher the saturation
coefficient the lower is the resistance to
freezing and thawing.
6. The dolomite in each of the geological
formations of the Chicago area varies in
resistance to freezing and thawing but each
formation has certain general characteristics
which appear to be typical.
NEW REFRACTORIES AND THEIR IMPORTANCE
TO THE INDUSTRIAL MINERALS INDUSTRY
A. I. Andrews
Professor of Ceramic Engineering, University of Illinois
During the past ten years or more
there has been a definite trend to-
ward the development of better re-
fractories to meet the ever constant demand
for longer life and more suitable materials
for furnace construction. This demand for
better refractories will probably never cease
as better refractories generally result in
more severe furnace conditions in an effort
to increase production or make a better
product at higher temperatures. The re-
fractories engineer has met this challenge
by many improvements and in addition has
contributed much to the intelligent use of
refractories, thereby obtaining greater serv-
ice from them.
Raw Materials
It is logical in attempting to develop a
better refractory, as with any other similar
product, to look first for better raw mate-
rials. In this regard, the ceramic engineer,
the geologist, the mineralogist, and many
others have searched diligently but the
results have not been very encouraging.
Our principle refractories are combina-
tions of alumina and silica, which include
the many different varieties of clays, and
the sillimanite minerals. The relations of
these materials to one another are shown
in figure 81. Silica at the left and alumina
at the right are refractories by themselves
and are used in important quantities. It
will be noted that the less refractory plastic
clays, the fire clays, and the kaolins form
a series of increasing refractoriness from
left to right. The sillimanite minerals are
the next in the series, with burley clay and
diaspore even higher in the alumina-silica
ratios. Mullite (3 Al 2 3 .2 Si0 2 ) is formed
when clays and other alumina silicates are
heated, and it is a stable form at tempera-
tures below 1810° C. It is sometimes syn-
thesized in fairly pure form, and in one
type of refractory it is actually cast molten
into shapes for extensive use as flux blocks
in glass furnaces. Mullite is a desirable
mineral since it undergoes no inversions and
is stable at all temperatures up to 1810°C.
at which temperature it melts incongruently
to form corundum and a melt. The devel-
opment of mullite as a phase in refractories
is particularly desirable and a fact in most
alumina-silica combinations. To the right
of the mullite composition in the diagram
mullite and corundum tend to form, and
to the left of the mullite composition and
to the right of the eutectic, mullite forms
with an accompanying development of melt.
It will be noted that the fire clay refrac-
tories are in the latter group. In the super
refractories, the alumina of the clay is sup-
plemented by the addition of high-alumina-
bearing materials to the fire clay; thus we
have available on the market 60, 70, 80 and
even 90 per cent A1 2 3 refractories. The
refractories consisting of fairly pure alu-
mina are generally considered in a class by
themselves.
The newest raw materials now being
introduced into this long list of alumina-
silica refractories are topaz and pinite (1)*
Topaz, although long considered as being
too scarce or semi-precious for use as a re-
fractory, has now been found in sufficient
quantities to be a feasible raw material for
this purpose. Topaz has a unique chemical
composition approaching the formulae (Al
(FOH), SiOJ or (Al (FOH) 2 ) AlSiOJ
which upon firing has a strong tendency to
form mullite with a small excess of silica
present. It was pointed out by R. S. Brad-
ley and his co-authors that the fluorine and
water are particularly active fluxes contrib-
uting to this transformation of topaz to
mullite, they themselves being volatilized,
* Italic numbers in parentheses reler to bibliography at
end of paper.
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the fluorine actually taking some of the
silica with it as silicon tetrafluoride. In his
results, Bradley showed that fired topaz
made into bricks has very promising proper-
ties as a refractory. It is quite possible that
topaz refractories will be available in the
not too distant future.
Pinite (1) is a new interesting refractory
material found near Rochester, Nevada. It
is a hydrous aluminum silicate rock consist-
ing mainly of sericite and other refractory
silicates. Its composition is about 50 per
cent silica, 38 to 40 per cent alumina, 5 to
6 per cent alkalies, and small amounts of
titania, iron oxide, calcium oxide, and mag-
nesia. It has a cone fusion temperature of
about cone 32, is snow white when fired,
and has extreme hardness and resistance to
abrasion. Page (2) states that it inverts
readily to mullite on firing and he has
shown it to be superior to other refractories
in certain uses such as rotary enamel smelter
linings, silver cupel furnaces, ladle linings,
and in rotary kilns and coolers.
At the outbreak of the first World War,
America was seriously handicapped by the
discontinuance of shipments of Austrian
magnesite, but during that period and since
then the United States has become inde-
pendent of foreign sources of this necessary
refractory for the metallurgical industry.
Better sources of material, studies of the
mineral brucite Mg (OH) 2 , adaptation of
American magnesites, and the development
and use of dolomites have greatly relieved
the demand for the material from over seas.
In addition to this the development of
forsterite refractories has been very rapid.
The mineral forsterite is di-magnesium sili-
cate (2 MgOSi0 2 ), the commercial source
being in an olivine-bearing rock called dunite
which may contain as high as 80 per cent
of forsterite. In the manufacture of refrac-
tories, magnesia is added which reacts with
the accessory minerals such as serpentine,
talc, and fayalite to form more forsterite.
Forsterite has a melting temperature of
1910°C, and is a stable mineral at these
high temperatures. It is used in the con-
struction of ports, bridge walls, and uptakes
in open hearth furnaces, and has found con-
siderable acceptance for lining dolomite
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kilns. Being relatively new, it will prob-
ably be used later in many other places.
Other new materials which are too ex-
pensive for anything except laboratory use
have also been studied. Beryllium oxide is
an example and has been recently studied
and shows a melting temperature above
2500° C. It has a high thermal conductiv-
ity, is stable up to its melting point, but is
sufficiently reactive to contaminate platinum
melted in a beryllium oxide crucible. Its
principal uses are for filaments of lamps, for
electrodes in electron tubes, and as cathode
heating elements in radio tubes.
Manufacture
The greater developments in refractories
have been in the processing of the materials
used and in the manufacture rather than in
the discovery of new materials. In this field
of effort, the refractories engineer has shown
great progress as he has studied the needs
of the user and has in many cases adapted
the refractories to the service for which they
are best suited.
Great improvements have been made in
the manufacture of magnesite and chrome
refractory brick. In place of the old con-
ventional process of calcining the raw ma-
terial, crushing, forming at low pressure or
by the hand methods, and drying and firing,
an entirely new process has been devoloped.
The calcined material after crushing is
sized and the proper proportioned grain
sizes are blended with a colloidal bond.
This batch is then pressed in a hydraulic
press that develops a pressure of 10,000
pounds per square inch. These brick are
not fired as usual but are shipped in the
green condition for installation in service.
Many advantages are claimed for this new
product. The proportioning of grain sizes,
the high pressure, and the use of the col-
loidal bond tend to develop a much denser
brick which retains its size and shape much
better even though it is not fired in the man-
ufacturing process. These brick have greater
strength, better spalling resistance and are
much cheaper to manufacture than the
ordinary type. In service they have not only
met the demands put on the old type of
brick but are finding many new uses. Their
use has been extended in the metallurgical
industry and they have met with particular
success for lining the hot zone in Portland
cement kilns, dolomite kilns, and also in the
pulp and paper industry. It is quite prob-
able that these basic magnesites and neutral
chrome refractories will find many more
places where conditions will show that they
are superior to other refractories for the
particular purpose.
For many years furnace engineers have
been using various types of insulating ma-
terials such as diatomaceous earth, asbestos
fiber, and precipitated magnesium carbon-
ate, and more recently mineral wool, glass
wool, and expanded vermiculite as pipe cov-
erings to prevent heat loss from the outside
walls of furnaces. In some cases certain
of these materials are used to back up the
linings of furnaces, thereby preventing heat
loss. Only diatomaceous earth has proved
very successful for this purpose, one grade
being satisfactory up to a temperature of
1600°F. and another better grade up to
2000° F. These types of insulation are still
extensively used but now a new type has
been developed which can be used at tem-
peratures of 2200 to 2500° F. This type
of insulation is generally called insulating
refractory and is manufactured in standard
fire-brick sizes. Like the lower tempera-
ture material, it depends for its insulating
properties on the presence of many small
air pockets, but differs from them in that
it is made from very refractory clays. It
absorbs only one-third to one-fourth the
amount of heat of an ordinary fire brick.
These insulating refractories can often be
used in direct contact with the furnace gases
but, of course, cannot be used where it is
necessary to withstand either slag or abra-
sion. They are light in weight, easy to cut,
and sound absorbing. Where the tempera-
ture of the furnace does not exceed their
softening temperature, they are a very effec-
tive means of conserving heat, permitting
temperatures to build up rapidly and de-
creasing fuel costs.
Although refractory mortars and refrac-
tory patching materials have been used for
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a long time, they have been recently im-
proved and their uses greatly expanded.
Refractory mortars were originally raw
clay of a character similar to that used in
making the brick. The bond with clay
does not take effect until high temperatures
are reached and the clay begins to soften
and hold the brick together. It is common
now to use air-setting mortars sometimes
called high-temperature cements. In these
mortars, chemical binders are used to de-
velop a strong bond on drying. The use
of these air-setting mortars is becoming
general, especially in the parts of the con-
struction where temperatures may never
become high enough to bring about a bond
with the high-temperature type. These air-
setting cements or mortars give a tight wall
that resists gas leakage and the penetration
of slag. The ceramic materials used in these
mortars may be any of the refractory grogs
such as high alumina, calcined fire clay, or
chrome ground fairly fine.
The success with these air-setting mortars
naturally leads to the use of plastic refrac-
tories which are applied to the walls of
furnaces, and also to ramming mixtures
which can be used for filling in spaces or
making special shapes right on the job.
These ramming mixtures set on drying, and
because of the precalcining of the refractory
materials used and the proper proportioning
of the grog sizes, they undergo very little,
if any, shrinkage in either the drying or
firing. This makes it unnecessary to fire
these rammed shapes prior to use.
Even more recently, castable refractories
came on the market. These refractories are
used like Portland cement concrete. The
cement used resembles Portland cement but
is actually a calcium aluminate which is
mixed on the job with a suitable refractory
grog in place of the aggregate of a concrete
mixture and then cast into place. The
refractory concrete sets more rapidly than
Portland cement and has proved very satis-
factory in many places. It is not an
extremely high-temperature refractory, al-
though its temperature of service is con-
trolled to a considerable extent by the
nature of the grog used.
A discussion of the refractory improve-
ments such as this would not be complete
unless some mention were made of the ad-
vances in the manufacturing processes. The
beneficiation of raw materials such as clay,
forsterites, kyanites, and many other raw
materials has been and is being extensively
studied to take every advantage of the
available raw materials.
In the forming of refractories, it has
already been mentioned that increased pres-
sure has contributed much but one should
not forget that de-airing of batches greatly
aids all forms of pressing, either at high or
low pressures; it has aided the extrusion
operation very greatly. De-airing contrib-
utes much to the uniformity of structure
and the density of refractories.
The design of special shapes to facilitate
furnace construction should also be men-
tioned. The manufacture of interlocking
tile, muffle blocks, suspended arch brick
and many miscellaneous convenient stand-
ard shapes have greatly facilitated econom-
ical furnace construction.
The most important improvements in the
production of refractories can be summar-
ized as follows:
1. Few really important new raw mate-
rials have been found to add to the long
list of refractories. The use of forsterite,
pinite, and topaz are the outstanding.
2. Basic refractories have been improved
greatly by adapting American materials to
their manufacture. They have also been
improved along with chrome refractories by
high pressure forming and the application
of modern discoveries concerning grain-size
proportioning and bonding.
3. De-airing in both the stiff mud and
the power press have led to more uniform
and denser refractories.
4. The application of grain-size propor-
tioning to develop maximum density has
been a real improvement.
5. The beneficiation of raw materials
has improved the quality of the materials
used for manufacture.
6. The development of calcium-alumi-
nate refractory concretes is entirely new
and serviceable in many places.
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7. The improvements in refractory mor-
tars with the introduction of the air-setting
types and the development of plastic refrac-
tories in general, including cements and
ramming mixtures, have been a great aid
in furnace constructions and maintenance.
8. Molten cast mullite refractories are
a distinctly new product made by an entire-
ly new process.
9. Zircon refractories have been devel-
oped and bid well to compete in high-
temperature fields of service.
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THE SIGNIFICANCE OF pH IN THE CONTROL OF THE
PROPERTIES OF CLAY
R. E. Grim
Petrographer, Illinois State Geological Survey
Introduction
Clays differ from each other in their
physical properties because of dif-
ferences in their composition. The
factors of composition that determine differ-
ences in properties may be classified as fol-
lows:
1. Kind and relative abundance of clay
minerals, e.g., kaolinite, illite, mont-
morillonite.
2. Kind and relative abundance of non-
clay minerals, e.g., quartz, feldspar.
3. Texture, e.g., size-grade distribution
of the clay and nonclay minerals.
4. Kind and amount of organic material.
5. Kind and amount of electrolyte. This
includes the content of exchangeable
bases and any other easily soluble in-
organic material.
In the present paper it is proposed to
analyze briefly some aspects of the influence
of the last factor on the properties of clay
in the plastic state.
It has been known for many years that
some properties of many clays could be
changed by treating them with certain acids,
alkalies, or salts. Recently there has been
increased interest in this subject, and the
influence of electrolytes on clay properties
has been the objective of fundamental re-
searches in several laboratories. In the pres-
ent paper it is proposed to assemble the
available data that have resulted from these
researches, and to analyze critically their
significance to the general subject of the
relation of the pH of clays to their proper-
ties. References to the original reports con-
taining the data assembled in the present
paper may be found in the appended bibli-
ography.
It will be evident from the data presented
that the influence of certain electrolytes on
some physical properties is such as to war-
rant commercial consideration. It will also
be clear that much work remains to be done
before the whole subject will be well under-
stood.
Base Exchange
One of the ways in which electrolytes
can be present in clays is as exchangeable
ions. Clays have base-exchange capacity,
i.e., they can carry adsorbed ions, such as
Na+, Ca+ +
,
H +
,
Mg+ +
,
etc., which
under certain relatively simple conditions
are exchangeable for other ions. Numerous
researches have shown that many properties
of clays vary with the character of the
exchangeable ion carried by the clay.
Recently several investigators, notably
Sullivan and Graham, have removed the
electrolytes from certain clays, then treated
them with various cations, and finally deter-
mined some of their properties. From this
work data are available on the specific effect
of cations on physical properties in the ab-
sence of appreciable quantities of bases other
than those in exchange positions. That is
to say, physical properties were measured
for clays that differed from each other only
in the character of the exchangeable bases
that they carried. A general analysis of the
effect of electrolytes on clays will be clearest
if these data, summarized in the following
paragraphs, are considered first.
EFFECT OF EXCHANGEABLE BASES
ON WORKABILITY
Clays carrying Na+ as the exchangeable
base require considerably less tempering
water than H+ clays to attain the same
degree of stiffness or the same yield point
when force is applied to the plastic mass.
Stated another way: if clays of the same
water content are compared, the Na+ clay
will be less stiff and will yield with lower
[268]
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applied pressure than the H+ clay. The
water of plasticity of Na+ clay is lower
than that of H+ clays. With a given water
content Na+ clays extrude with less power
and form softer columns than H+ clays.
Na+ clays are said to show less stickiness
than H+ clays. The order of increasing
yield point (ability to hold shape) with a
given water content is approximately as
follows: Li +
,
Na+, Ca+ +
,
Ba+ +
,
Mg+ +
,
A1+ + +
,
K+, Fe+ + +
,
NH 4 +, H + . The
order of increasing stiffness with a given
water content is about the same. In this
series there is considerable difference be-
tween the effect of Li+ and Na+ and that
of Ca+ + . The difference between the other
members of the series is not very great.
Stated another way the workability of a
K+ clay is little different from that of
a Mg+ + clay, but considerably different
from that of a Na+ clay.
The Atterberg Plasticity Index is much
higher for Na+ clays than for clays with
other cations if the clays contain the clay
mineral montmorillonite. Na+ causes a
huge increase in the Plasticity Index because
of its large increase in the Lower Liquid
Limit and its small decrease of the Lower
Plastic Limit. The character of the ex-
changeable base does not appear to have
much effect on the Atterberg Plasticity
Index when kaolinite is the only clay min-
eral present in a clay.
EFFECT OF EXCHANGEABLE BASES
ON STRENGTH
Available data suggest that Na+ clays
have high, Ca++ clays intermediate, and
H+ clays low transverse strength in the
dried but unfired condition. Similar data
suggest that Na+ clays have high and H +
clays low fired strength. Significant data
are not available for the influence of other
cations but they probably vary between
those for Ca++ clays and H+ clays. Data
also are not available for the variation
caused by various cations on other unfired
and fired strength characteristics, e.g., com-
pression strength.
There are some data suggesting that
green strength, i.e., undried material con-
taining the tempering water, is higher for
H+ clays than for Na+ clays. The mag-
nitude of the effect of cations on green
strength is much greater in clays that are
composed of montmorillonite than in those
composed of other clay minerals.
EFFECT OF EXCHANGEABLE BASES
ON SHRINKAGE
In clays made up to the same degree of
stiffness, H+ clays dry most rapidly, Na +
clays dry slowest, and Ca+ + clays dry at an
intermediate rate. In early stages of drying
the rate is about the same for the above
cations, but in the later stages there is a
very great difference. Even with the lesser
amount of water required by Na+ clay than
H+ clay for a given degree of stiffness, the
Na+ clay dries at a much slower rate.
The data for the relation of amount of
shrinkage are not clear. Some data suggest
that substitution of Na+ for H+ tends to
increase linear drying shrinkage and that
exchangeable Fe+ + +
,
A1 + + +
,
Ti+ + + +
tend to reduce it. Other investigations have
reported that certain Na+ and H+ clays
had about the same amount of shrinkage
and in each case lower than Ca++ clay.
Further work is necessary before the precise
effect of specific cations on amounts of
shrinkage is known. It seems clear that
sodium will increase or decrease amount of
shrinkage depending on the amount of sodi-
um added. Also, it appears that the relation
of electrolyte content to amount of shrink-
age varies somewhat with the clay mineral
compostion of the clay.
EFFECT OF EXCHANGEABLE BASES ON
WATER ADSORPTION AND
PERMEABILITY
Na+ clays adsorb more water at a much
slower rate than Ca++ clays. Na+ clays
are much less permeable than Ca++ clays,
in part at least because the individual pores
are smaller. These differences appear to
be significant only in clays containing appre-
ciable amounts of the montmorillonite type
clay minerals. Data are not at hand for
the other cations.
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EFFECT OF EXCHANGEABLE BASES
ON POROSITY
By the kerosene absorption method ap-
plied to bars dried at 105 °C, absorption
was found to increase in the order Li +
,
Na+, Mg+ +
,
Ca+ +
,
Ba+ +
,
H +
,
K+,
NH 4 +. The absorption of fired Na+ clays
tends to be lower than that of fired Ca+ +
or H+ clays.
EFFECT OF EXCHANGEABLE BASES ON
MISCELLANEOUS PROPERTIES
Na+ clays tend to reach zero absorption
porosity at lowest firing temperatures, H +
clays at highest temperatures, and other
cation clays at intermediate temperatures.
Na+ clays are reported to slake at a
much slower rate than clays with other
cations. The slaking rate of clays with any
cation except Na+ shows very little varia-
tion. These data for slaking rates appear
to apply only to a very limited extent to
clays that do not contain some montmoril-
lonite.
Na+ montmorillonite clays swell in the
presence of water whereas similar natural
clays with Ca++ or H+ swell very little.
Clays entirely composed of the other clay
minerals do not swell regardless of the char-
acter of the adsorbed ion. The clay mineral
particles in Na+ clays have a smaller effec-
tive size than clays carrying other cations.
If the amount of minus 2 micron material
is determined for two clays, the same in all
ways except that one contains Na+ as the
exchangeable base, appreciably larger values
will be obtained for the Na+ clay.
DISCUSSION
It is obvious from the foregoing state-
ments that additional data are needed be-
fore the relation of exchangeable ions to all
clay properties is known precisely. Infor-
mation is needed particularly on clays with
a known clay-mineral composition, and on
the effect of specific anions.
The available data make clear the ex-
tremely important general fact that Na+
and H+ tend to change the properties of
clay in opposite directions and to a greater
degree than other common cations. Data
also show that Na+ or H+ need not occupy
all exchange positions before their effect on
physical properties is large. The magnitude
of the effect of exchangeable bases on physi-
cal properties is greatest for clays that con-
tain montmorillonite.
As they occur in nature, clays usually
contain Ca++ as the exchangeable cation.
Substitution of Na+ for Ca++ should re-
duce- the tempering water required for a
given stiffness and the power necessary to
extrude. The natural moisture in the clay
may be enough to cause a soft column so
that the addition of dry clay will be re-
quired. The column should have a more
uniform texture, be denser, and more finely
grained. Although it has been stated that
the column will show less tendency to lam-
inate, it is likely that other factors than
electrolyte content are more important in
determining tendency to laminate. Prob-
ably the ware will require greater care in
drying and will dry at a slower rate. It
will slake more slowly. The firing temper-
ature should be lower and a denser less
pervious fired product should be obtained.
If H+ is substituted for Ca++ the tend-
ency would be to change the properties in
the opposite direction. If some other com-
mon cation were substituted for Ca+ +
,
the
change in properties would probably be
slight.
The foregoing statements are based on
experimental data that were obtained chief-
ly on clay samples that were treated first
to remove soluble material, and then in such
a manner as to effect fairly complete re-
placement of the cations. When a raw clay
is treated directly with an electrolyte the
changes in properties predicted on the basis
of the above data are often realized either
only in part or not at all. There are several
reasons why this is true.
1 ) The compound used in treating maj
react chemically with other materials in
the clay to form new compounds that cause
a different base-exchange reaction than the
one anticipated.
2) The base-exchange reaction may be
only partially complete. It is known that
the influence on properties depends on the
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relative amount of possible replaceable cat-
ions present in a clay and that an excess
of the cations above that required by the
exchange capacity in some instances reverses
the effect. This is an extremely important
point and explains some of the instances
in which different investigators obtained
apparently contradictory results with the
same electrolyte. Thus, it has been indi-
cated that certain properties of clays, e.g.,
linear shrinkage, are affected in one direc-
tion and then in the reverse direction as the
amount of Na+ added to given amounts of
clay is increased.
3) The effect of anions on properties is
in general unknown, so that the effect of the
anions in the treating solutions cannot be
predicted. This is a field of research deserv-
ing immediate attention.
4) The properties of certain clay min-
erals, e.g., montmorillonite, are influenced
to a greater degree by exchangeable bases
than those of other clay minerals. Further
there is a suggestion that the precise influ-
ence of all cations may not be the same for
all clay minerals. This also is an important
point and may help to explain why similar
results have not been obtained with all
clays.
5) Certain clays appear to contain ferric
iron, alumina, and/or silica in a condition
that make some of the potential exchange
capacity inactive. The net result of these
constituents may be to clog the exchange
positions, and to render the clay immune to
base-exchange treatment that would other-
wise alter its properties. Some flint clays
seem to be of this type.
6) The electrolyte used in treatment may
influence the properties of the clays in a
manner unrelated to any base-exchange re-
action. For example, the surface tension
and viscosity characteristics of the water
present in plastic clay bodies may be changed
by the compound added. Further the com-
pound added may itself have, or may react
with materials in the clay to produce com-
pounds that have a cementing power. It is
well known that the bonding power of cer-
tain clays toward sands is enhanced by the
addition of certain chemicals, and that these
chemicals act in this instance as a cement;
base-exchange having nothing to do with it.
The subject is one that is almost completely
unexplored. It deserves extensive investi-
gation.
This discussion leads to the conclusion
that it is not yet possible to predict with
much accuracy the exact influence of a
given electrolyte on the properties of any
clay. There are too many possible variables
that cannot yet be evaluated. However, if
the composition of a clay is known, and
Na+ or H+ are used for treating, a good
guess, but only a guess, can be made as to
what the results will be.
pH AND CLAY PROPERTIES
Stated in simple terms a pH measure-
ment shows the degree of acidity or alkalin-
ity of a substance. It does not indicate what
the actual acid or alkali elements of the
substance may be. A pH determination of
a clay indicating that the clay has an alka-
line reaction does not show whether sodium,
calcium, or some other cation is present.
Similarly if it is desired to obtain a clay
with a given pH value, treatment with any
strong acid, if the pH desired is on the acid
side, or with any strong alkali if the pH
desired is on the alkaline side, will in gen-
eral do.
Since the character of the cation influ-
ences the properties of a clay, it is possible
to have two clays with the same pH value
and identical in all factors of composition
except the nature of the cation, but they
will have different properties. The pH
value of a clay will vary with the amount
of a given electrolyte used to treat it and
in general there will also be a variation in
properties. However, using another electro-
lyte on the same clay, the variation in prop-
erties with the same variation in pH may be
different or there may be no variation at
all. Also using another clay, even with the
same electrolyte, the variations in proper-
ties and pH may be different or absent.
By empirical methods it can be found
what amount of a given electrolyte yields
optimum properties for a given clay. It
has been suggested that when the optimum
amount of electrolyte has been added, clays
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generally will have certain ranges of pH
values and that it is possible to obtain
optimum properties of clays by treating
with sodium and several other electrolytes
to a given pH value.
This suggestion is not warranted for
several reasons. The effect of the other
cations noted on the properties of clays is
not parallel to that of sodium and therefore
treatment with an electrolyte containing
another cation will not produce the same
results as treating with an electrolyte con-
taining Na+. The optimum influence on
properties varies with the composition of
the clay so that the amount of electrolyte
needed to produce similar results is not the
same in all clays and for all electrolytes.
It cannot, therefore, be expected that the
optimum pH will be the same for all clays
and for all electrolytes.
The point to be emphasized is that the
character of the electrolyte is the vital thing
affecting properties, and not the pH value.
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THE ECONOMIC DEVELOPMENT OF THE INDUSTRIAL
MINERAL INDUSTRIES IN THE MIDDLE WEST
W. H. Voskuil
Mineral Economist, Illinois Geological Survey
Past history of an industry can be of
value as a means of understanding
present characteristics of such an in-
dustry and current economic problems con-
nected therewith. It is with a purpose
of contributing toward an understanding of
the economic position of industrial minerals
in the Upper Mississippi Valley that this
paper is prepared.
Principal industrial minerals produced in
the Upper Mississippi Valley are: sand and
gravel for various purposes, building stone,
fluxing stone, glass sand, clay, lime, fluor-
spar, fullers' earth, gypsum, cement, salt,
and miscellaneous minor products. Among
this array of minerals are those whose "place
value" is paramount, such as cement mate-
rials, clay, gypsum, limestone and dolomite,
sand and gravel, and building stone.
A second group consists of those minerals
whose physical and chemical characteristics
are paramount, comprising fluorspar, refrac-
tory clay, fullers' earth, and tripoli. Ob-
viously, it is impossible here to discuss in
detail the economic development of all the
separate components of the industrial min-
eral industries of the State. This discussion
is restricted therefore to the economic devel-
opment of mineral raw materials for the
building industry, the glass and glass sand
industries, the road construction and road-
materials industry, and the use of limestone
in farming.
Building and Building Materials
Developments in industrial minerals used
in the building industry are affected by
several influences, most important of which
are ( 1 ) changes in the trends of construc-
tion activity and (2) decline of competing
materials and rise of new types of competing
materials. Construction trends have been
affected by changes in general economic
activity, by the development of new uses,
and by geographic shifts in the location of
industries that prepare materials for con-
struction use.
Cyclical trends.—Cyclical trends are ex-
emplified by construction of dwellings. This
is graphically illustrated for the nation as
a whole in figure 82. During the eighteen
years represented on this chart, the average
number of families provided for was 235,-
000. So severe was the decline in building
in 1934, that only 20,952 families were
provided formless than 10 per cent of the
average for this period. The magnitude and
character of the housing and construction
industry is such as to make it a very im-
portant factor in the economic welfare of
the industrial mineral industries. A decline
to 10 per cent of the average is immediately
reflected in unemployment, not only in the
building trades themselves but in the supply
of materials as far back as the quarry itself.
Figure 83 shows the relative contribution
of the construction industry to the national
income from 1925 to 1937 inclusive. Mr.
William Stanley Parker, chairman of the
Construction League of America, in an
article in the Engineering News Record,
points out that the primary income used
for construction results in secondary income
used for consumers' goods and services,
which is variously estimated at from one to
two times the primary expenditures. By
examining these figures and assuming the
secondary income as one and one-half times
the primary, the proportion of national in-
come in 1929 due to construction was thirty
billion dollars. By 1933 the income due to
construction had decreased by twenty-one
billion and the total by thirty-one billion.
That is to say, 60 per cent of the loss of
national income from 1929 to 1933 was
due to the decline in construction activity,
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Fig. 82.—Cyclical trend of building, 1921-1938. (U. S. Dept. Labor, Bull. 668, p. 9, 1940.)
and 40 per cent of the recovery since 1933
has been due to recovery in construction
activity.
Competitive building materials.—The se-
vere drop in output of structural clay prod-
ucts following the downward trend of
building since 1925 (fig. 84) raises the
question as to whether this decline is to be
permanent or of long duration, or whether
clay products are yielding to competitive
materials. An examination of structural ma-
terials used in home construction in the
United States shows that wood still leads
although yielding to clay products in urban
dwelling construction.
Anticipation of necessary clay-products
utilization in residential construction arises
from the fact that a declining wood supply
appears to be inevitable.
Figure 85 illustrates the relationship be-
tween production and consumption for lum-
ber and other products of saw timber. It
will be observed that the South and Pacific
Northwest are the two outstanding pro-
ducing regions. Both produce more than
they consume. On the other hand, consump-
tion in the other eastern regions exceeds
production by a wide margin. This is most
notably so in the Middle Atlantic region.
With a considerable curtailment of supply
in the South occurring in a very few years,
it appears that the four eastern regions will
depend largely on the Pacific Coast for their
needed supplies.
Prices of lumber may eventually be ex-
pected to rise to the level of production
costs in California plus freight costs to
Middle Western points.
The very extreme fluctuations in building
activity in these two decades, as portrayed
by figures 84 and 85 is a challenge to man-
agement and to industry itself. The eco-
nomic consequences of the building per-
formance of the past two decades—the
over-normal demand for building materials
and labor, resulting in extended plant facil-
ities and labor supply—merely aggravated
the economic crisis and financial difficulties
among mines, quarries, and clay-products
plants and extended unemployment. It may
be argued that the extreme building activi-
ties in the middle of the 1920-30 decade
was a result of the held-back building needs
of the World War period, and that the
consequent depression must be ascribed to
the dislocating effects of the war. The facts
of wide amplitude of building activity are
presented to us by these charts. The record
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of distress that followed the high peak is
known. The effect is to spread unemploy-
ment in other phases of industrial activity.
The crux of the problem here is to reduce
cyclical activities to moderate fluctuations.
Glass Sand and the Glass Industry
Another important building material is
glass. Illinois is the leading producer of
glass sand in the United States, and pos-
sesses extensive resources of sand suitable
for the manufacture of highest grades of
glass. Since 1902 the total production
of glass sand in the United States was 57
million tons, of which Illinois produced 25
per cent (fig. 86). Owing to the high
quality of the sand, the market expanded
after the World War and rose to 30 per
cent of the national output.
The unusually large supply of excellent
glass sand in Illinois raises the question of
the economic possibilities of a more exten-
sive manufacture of glass products in this
State. At present Illinois exports substantial
quantities of sand for making glass while
also importing glass products from distant
sources. Although Illinois ranks first in
glass-sand output, it is fifth in value of
manufacture of glass products. Glass man-
ufacture began on the Atlantic seaboard
and moved westward with the movement
of population, aided by the opportune dis-
covery of natural gas in the Appalachian
and Ohio Valley states. As long as glass-
making was done by hand, the abandonment
of established factories in favor of new
establishments near cheap fuel supplies and
growing markets involved no great loss of
capital investment, and the migration of
glass plants was rapid. With the introduc-
tion of expensive machinery, notably the
Owens bottle-making machine in 1895, with
its high costs, glass establishments become
less mobile, and there was a greater lag
between westward movement of markets
and the migration of the glass industry.
However, the location of industrial inter-
prises is constantly changing in favor of
more economical relations between raw ma-
terials and markets, and the enlargement
of glass-making facilities in the midst of the
large glass markets of the Upper Mississippi
Valley may ultimately be brought about.
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Fig. 84.—Value of clay products other than pottery and refractories used in Illinois, 1920-1938.
(Illinois Geol. Survey Rept. Inv. 63, fig. 7, 1940.)
Distribution of manufacture.—Seven
states are important in the glass industry of
the country, in the order named: Pennsyl-
vania, West Virginia, Ohio, Indiana, Illi-
nois, New York, and New Jersey. These
states produce approximately 85 per cent
of the value of glass goods. Other states
with a significant industry are California,
Missouri, Oklahoma, Kansas, and Texas.
Table 1 gives the value of glass output, by
percentages, in the seven leading states for
specified years covering the period from
1909 to 1939. An examination of the table
shows that the most significant increases
have occurred in West Virginia and Illi-
nois, both states with a surplus of glass
sand, while those states which imported
glass sand were practically stationary or
showed declines in value of glass products.
Glass market.—Glass products fall into
two general market groups, namely, those
products which are manufactured directly
for consumer use, and those glass products
which enter into the construction of or form
a part of a larger article of trade. The
former group includes such items as table-
ware, fruit jars, lamp chimneys and globes,
milk bottles, etc. The latter group is com-
prised of such items as building glass, bev-
erage containers, lamp bulbs, chemical and
pharmaceutical glassware. Market charac-
teristics differ for each group and vary
within the groups themselves. The market
for that group of glass products which is
sold directly to consumers will be governed
by such items as distribution of population,
variations in the purchasing power of pop-
ulation in different geographic areas, effect
of style changes, and changes brought about
by fluctuations in purchasing power from
one period to another. These same items
also govern more or less the purchase of
glass materials which are used by manu-
facturers in the fabrication of other con-
sumer goods (for example, plate glass in
an automobile) with this important differ-
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ence: the immediate marketing point for tories using glass products in their operation,
glass products used in the further manu- and in a secondary manner, by population
facture of goods is determined by the loca- distribution. This is also true of bottles
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Fig. 85.—Production and consumption of lumber. ("Structural Clay Products Industry
in the New Home Building Movement," Home Building in Illinois: Illinois Geol. Survey,
1934.)
tion of the fabricating plant or plants. Thus
the market for approximately 50 per cent
of the plate glass output is determined by
the location of automobile factories. An-
other example is the market for lamp bulbs
which is determined by the location of fac-
used in the beverage industry, where the
industry itself is governed more or less by
population distribution.
The market for certain types of glass
products may, in some instances, be restrict-
ed to a very small number or even one
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Table 1.
—
Value of Glass Output, in Percentages, by States, for Specified Years
Year Illinois Indiana New York Ohio Penna. West Va. N. Jersey Other
1937 9.1 9.9 5.5 16.0 20.5 13.6 5.1 20.0
1935 6.7 11.2 5.2 17.7 22.7 17.7 4.9 17.8
1933 7.7 11.6 5.0 16.1 22.1 16.3 6.8 12.7
1931 9.0 13.0 5.4 17.9 23.2 15.0 5.4 13.1
1929 7.5 11.4 5.9 13.0 26.8 15.9 5.4 14.1
1927 7.6 12.5 5.7 12.0 27.8 15.6 5.5 14.1
1925 5.6 12.2 5.9 11.9 28.8 16.2 5.4 14.0
1923 5.4 13.2 5.0 11.1 32.0 16.2 5.0 12.1
1921 6.8 10.1 6.3 11.9 30.8 16.2 6.1 11.8
1919 6.9 13.5 5.0 13.5 30.9 16.3 5.2 8.7
1914 6.2 12.1 4.2 15.5 32.2 11.9 6.2 11.7
1909 5.5 12.5 4.4 15.6 35.6 8.4 7.6 9.9
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Fig. 87.—Miles of road paved in Illinois, by years, 1914-1937. (Annual Reports, State Division of High-
ways, Dept. Public Works and Bldgs.)
producer when the product requires a high
degree of skill or specialization or where
one manufacturer is able to dominate the
field to the exclusion of possible competitors.
The complexities of market factors must be
analyzed in an attempt to evaluate the feasi-
bility of a new or enlarged glass manufac-
turing industry in Illinois.
Road-Building Materials
The third important item in construction
materials is that used for roads.
Illinois road construction.—The con-
struction of good roads made slow progress
in Illinois until comparatively recent years,
when this State was actually "pulled out
of the mud." It was not until 1883 that
the first "hard road law" was passed by
the legislature providing funds for the con-
struction of hard roads at public expense,
although toll roads had existed in the State
for a number of years.
The system of road administration was
not unified until 1887 when a law was
passed providing for the division of coun-
ties, not under township organization, into
road districts with three elective highway
commissioners in each district.
About this time experiments were made
in the construction of gravel roads in areas
where gravel was available. This was a
period of education among the citizens for
better roads. Agitation for good roads fol-
lowed a recogniton of the advantages which
they offer to business and to the individual.
The establishment of the second Illinois
State Highway Commission in 1913 marked
the beginning of a planned road-building
program under the direction of competent
personnel.
On November 4, 1918, the people of
Illinois approved a $60,000,000 bond issue
for building approximately 4,800 miles of
primary roads in the State. Funds from
the Federal Government increased this pro-
posed road-construction program.
Present status of Illinois paved roads.—
Figure 87 pictures the development of
paved roads in Illinois from 1914 to 1937.
The marked effect of the two State bond-
issues, passed in November 1918 and No-
vember 1926, upon the number of miles
surfaced in the ensuing years is clearly
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shown. Federal and State Aid funds plus
increased revenues from motor vehicle and
fuel taxes have greatly stimulated road
building and repair during the past few
years. Although the total mileage of roads
surfaced in the years 1933, '34 and '35
declined, actual construction remained at
a fairly high level due to the increased use
of funds for the construction of approaches,
overpasses, and bridges.
Relation of road construction to those
mineral industries furnishing the materials.
The mineral industries concerned with road
construction in Illinois are chiefly interested
in four types of surfaced roads, those of
concrete, of sand and gravel, of crushed
limestone, and of brick. If various factors
make it economically possible and advis-
able to build a concrete highway in this
State, the nearness to other sources of
materials is of little importance in deter-
mining whether or not the concrete type of
road shall be built. This is because for
certain demands of highway durability and
performance concrete has no serious com-
petition, at least in Illinois. The nearest
competitor might be brick, and even now it
is common practice to give the brick road
a concrete foundation. The bituminous type
of road might be considered as a suitable
highway. It should be mentioned that al-
though bituminous concrete, asphalt, and
bituminous macadam types of road consti-
tute only a small mileage at present, there
has been considerable interest in their per-
formance during the past few years, espe-
cially in the bituminous macadam type.
If the road is to be surfaced with loose
stone, however, the question arises as to
whether sand and gravel or crushed stone
is to be used. Here the location of the road
to be surfaced in relation to the location of
suitable raw materials is usually the decid-
ing factor. There is a general abundance
of sand and gravel plants in the central
and north-central portions of the State
where there is also a general lack of crushed-
stone plants. There is a lack of both sand
and gravel and crushed-stone plants in the
cast-central part of the State. The South
Chicago area has a number of crushed-stone
plants. Sand and gravel plants are nu-
merous in the southeastern portion along
Wabash River whereas crushed-stone plants
are most abundant in the East St. Louis
district.
The significance of road construction to
stone producers and the future market for
certain materials.—The construction of
roads in Illinois gave rise to many sand and
gravel, limestone, and brick plants which
otherwise would not have been opened.
The rapidity of road construction has meant
existence and prosperity to many of these
plants. It can be easily understood what
effect a complete cessation of road building
would have on these industries when it is
realized that the total quantity of sand and
gravel used for road construction represents
an average of about 47 per cent of the total
sand and gravel produced for all purposes
each year in Illinois. The crushed stone
used for road building represents about 65
per cent of the total produced for all pur-
poses.
The demand on industries that furnish
road materials in Illinois since 1921 has
been great. This resulted in geared-up pro-
duction in many plants and in the opening
of new plants favored by the localities in
which roads were being constructed at a
particular time. There are two types of
fluctuations which seriously affect the mar-
ket for road materials : ( 1 ) the general
fluctuation of road building throughout the
State; and (2) the fluctuation of road build-
ing in a particular locality, the latter being
the most significant to local producers. The
market for sand and for gravel either in-
creased or held at a high level almost con-
tinuously for the period 1922 to 1931, with
only minor downward fluctuations in 1926
and 1929. The severe downward trend of
the depression years began in 1931 for these
materials. The quantity of limestone used
for concrete and road metal had a rapid
rise from 1921 to 1929 with only a slight
decrease in 1925. The depression trend for
this use of limestone began in 1929.
The general downward fluctuation of the
road-materials market during the depression
seriously curtailed those plants which had
increased their capacity output to meet the
large demands during the previous eight or
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nine years. Those plants dependent on road
contracts became practically non-existent.
The depression affected the entire industry.
The second factor, that of local fluctua-
tion, is probably the most important for
the individual operator to consider. The
surfacing of a road in the proximity of a
plant is a distinct advantage to that plant.
It must be prepared to meet that temporary
demand when the opportunity arises, for
competition may prevent it from taking part
in the construction of roads outside of its
market area in the following year or two.
This irregularity of demand is pertinent to
producers in certain localities even though
the general trend of the industry as a whole
may or may not be favorable.
Concrete and road metal.—On January
1, 1940, Illinois had a total of about 13,000
miles of concrete-surfaced highways. A
brief examination of any up-to-date road
map of this State will show that practi-
cally every town or city with a population
of 5,000 or more is connected from two
or more directions with concrete, brick, or
high-type bituminous highways. Road build-
ing in Illinois has reached the stage of
maturity as far as the market for concrete
is concerned. The present demand for new
concrete roads in this State is not what it
has been in the past, for most of the planned
concrete roads have already been built and
the demands satisfied.
The market for concrete in road con-
struction in Illinois seems to resolve itself
into five main outlets : ( 1 ) new roads
which supplement existing roads by decreas-
ing the mileage of highway travel between
two or more points; (2) actual physical
replacement of the whole or parts of old
roads; (3) interconnecting highways, i.e.,
concrete roads connecting highways at suit-
able intervals and also linking small towns
and villages with the main highways; (4)
the widening of existing one- and two-lane
highways, the most substantial market of
which will probably be the approaches to
the larger cities, such as Chicago and East
St. Louis; and (5) the construction of new
approaches, bridges, and overpasses. This
latter factor has been given much increased
interest during the past few years.
The use of crushed stone for the build-
ing of farm-to-market roads offers a local
market, and the resurfacing of these and of
existing crushed-stone roads will enable this
market to continue. However, the future
market for the crushed-stone industry lies,
for the most part, in the ability of the
producers to meet the diversified demands
for the varied uses of their product.
Sand and gravel.—Farm-to-market roads,
or secondary roads, appear to be the largest
road-building market for the sand and grav-
el producers at the present time and for the
near future. The State and County govern-
ments are actively participating in the con-
struction of these roads, a good number of
which are being surfaced with sand and
gravel, and all traffic-bound types of which
will need resurfacing in the future. The
life of this type of road before requir-
ing additional material varies according to
the type of material used and the amount
of traffic it must bear. Roads constructed of
gravel with a bituminous binder are pre-
ferred in some localities. Concrete roads,
bridges, and other concrete structures will
offer temporary markets for the individual
producers in those areas of construction.
Competition with small pits favored by op-
portune location will be a factor in road
construction, but the larger plants will be
relied upon for meeting the specifications
and other demands of the more extensive
jobs, and the maintenance of these roads.
Brick.—Brick will probably continue to
be used for local surfacing of streets and
highways to a small extent, being laid
upon a concrete foundation. The market
for brick cannot be expected to be large for
either primary or secondary road paving.
Agricultural Limestone
Next to structural materials the most im-
portant use of limestone is as a soil amend-
ment in agriculture. In fact, Illinois alone
accounts for 14 per cent of agricultural
limestone consumption in the United States,
and the states of the Upper Mississippi Val-
ley (Indiana, Illinois, Wisconsin, Minne-
sota, Iowa, Missouri) use approximately 40
per cent. Agricultural limestone consump-
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Fig. 88.—Index map of Illinois showing the districts by which counties are
grouped in the agricultural limestone reports.
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tion in Illinois rose to 800,000 tons in 1930,
followed by a severe decline reaching a low
of less than 200,000 tons in 1932, after
which a gradual recovery took place, and
for the past four years the use of limestone
in this State has exceeded the million-ton
mark.
The sale of agricultural limestone has
become more than a by-product business for
many of the producers, and for many plants
it represents a definite and major sales out-
let for their product. This was realized
by many during the depression years when
the agricultural limestone market, although
decreasing, continued somewhat more stable
than the outlets in the building and associ-
ated markets which were severely depressed.
Agricultural limestone offers a recurring
business. The expansion of the present mar-
ket will depend upon the farmer's apprecia-
tion of the profitableness of applying lime-
stone to the soil. There are certain large
areas in this State where the consumption
is yet far below the needs of the soil, due
to the original deficiency and to the annual
removal of carbonates by erosion, leaching,
and by the crops themselves.
An examination of agricultural limestone
consumption by counties and districts within
the State shows a wide difference in quan-
tities used. In some counties, the average
annual consumption per acre of arable land
rises to nearly 300 pounds. Average con-
sumption for each of the major distribution
districts (see figure 88) follows:
District No. No. of pounds used
I, II
III
IV
V
VI
106
126
82
124
52
Differences in consumption levels are the
result of many factors, both physical and
economic. Differences in degree of soil
acidity, types of crops, farmer income,
freight rate from quarry to market, all
affect the rate of purchase.
One problem of considerable importance
is the marketing of agricultural limestone to
tenant farmers. In Illinois in 1935 there
were 31,661,205 acres of arable farm land,
divided according to tenure as follows:
Per cent
Acres of total
Total land in farms 31,661,205 100.0
Full owners 8,961,846 28.3
Part owners 6,670,637 .21.1
Managers 470,468 1.5
Tenants 15,558,254 49.1
When a tenant gives up his lease and
rents another farm, often there is no suit-
able arrangement between landlord and ten-
ant with respect to compensation for unused
benefits of limestone. Certain classes of
landlord also do not properly appreciate the
value of limestone as a means of maintain-
ing the productive value of the soil, and as
a consequence tenanted farm land is in many
cases not supplied with limestone in amounts
that are necessary to preserve its productiv-
ity. It would appear that an essential step
in the encouragement of limestone use on
tenant farms is to work out a formula of
compensation for unused limestone, which
would be acceptable to both tenant and
landlord. This is particularly important
in view of the high percentage of tenancy
in the leading agricultural counties of Illi-
nois.
Tenancy is highest in those agricultural
counties of highest agricultural productivity,
to wit: DeWitt 65 per cent; Ford 69;
Grundy 66 ; Logan 70 ; McLean 66 ; aver-
age for the State: 49 per cent.
FUTURE CHANGES TO BE EXPECTED IN THE ECONOMICS
OF THE INDUSTRIAL MINERALS INDUSTRIES OF THE
MIDDLE WEST*
Paul M. Tyler
Chief Engineer, Nonmetal Economics Division, United States Bureau of Mines
To forecast the future of industrialminerals industries in the Middle
West, or anywhere else, demands
either the powers commonly attributed to
the seventh son of a seventh son, or else a
willingness to guess twice and divide by
two. All of us are driven to adopt the latter
expedient occasionally, but it is embarrass-
ing to have to do it before witnesses. You
have all heard the prayer, "Would that
mine enemy should write a book," but only
our Program Committee would be so relent-
less as to ask anyone to write even a brief
paper on the subject assigned to me.
Some years ago, it began to look as if one
might forecast the future on the basis of
past events. Basic trends, once established,
might very well continue on the well-known
principle of Newton's first law of motion.
If one were clever enough he probably could
evaluate individual trends, resolve them
more or less mathematically, and trust that
inertia would project the resultant beyond
the present state of human visibility. The
difficulty, of course, is that economists sel-
dom are clever enough to assemble enough
of the composite forces to calculate a
dependable resultant. Certain structures de-
signed by architects and engineers likewise
are indeterminate; but, whereas bridges
merely fall down under an unforeseen over-
load, economic theories can jump sideways
or blow up as well. Economic causes, as
has been claimed for the stars, may incline
but seemingly do not themselves govern
human behavior.
The Middle West
One advantage in discussing the Middle
West is that we are dealing with a well-
established pattern of economic develop-
1 Released by permission of the Director, Bureau of Mines,
U. S. Dept. of Interior.
ment. Its frontier days have long been over.
Mushroom growth of new industries and
new communities is not ruled out of con-
sideration, but their effect on the regional
picture is toned down or swallowed up in
a main pattern that by the nature of eco-
nomic laws fades or deepens but slowly.
Confusion may exist as to which States
comprise the "Middle West." For most
statisticians this question has been answered
by the Bureau of the Census, which long
ago began presenting its data on a basis that
includes an East North-Central and a West
North-Central group. Although the states
in these two groups are therefore selected
arbitrarily as comprising the Middle West
this grouping violates many requirements
for regional planning. In respect to mineral
resources, however, the region can be con-
sidered simply a composite of the small
Laurentian area which supplies Lake Supe-
rior iron and copper ores and the larger
Mid-Continent area which contains oil,
coal, and sundry sedimentary formations of
economic interest, and also, in far western
South Dakota, the remarkable variety of
minerals of the Black Hills region. From
a manufacturing standpoint the Middle
West, as defined herein, overlaps on its east-
ern boundary the adjoining area of western
Pennsylvania, comprising the well-known
Pittsburgh-Cleveland district (fig. 89).
Other manufacturing centers, as outlined
by commercial geographers and regional
planners, include the southeastern Michigan
district, the Lake Michigan or Chicago dis-
trict, and more or less isolated districts trib-
utary to St. Louis, Kansas City, and certain
other cities. Agriculturally the so-called
Middle West ranges from relatively barren
regions that border Lake Superior to the
Great Plains that merge in the Northwest
into the spring wheat area and in the South
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into the corn belt and winter wheat area.
Intermediate in agricultural land use are
hay and dairying activities concentrated in
the Great Lakes region. A simpler classi-
fication covers most of the area in the in-
terior mixed-farming district and divides
the remainder into a spring wheat area in
Minnesota and the Dakotas and a semi-arid
belt on the extreme west. Still another
criterion, that of socio-economic homogene-
ity, joins the western tier of Midwestern
States with the Northwest and places east-
ern Ohio with the Northeast section. 1
Basic industries, we have been taught,
stem from natural resources—which include
minerals, forests, land suitable for agricul-
ture or grazing, wild animal life, and fish.
Topography and climate profoundly affect
the development of basic industries in a
given region and are dominant factors in the
location of manufacturing centers and trans-
portation routes for all commodities. The
Middle West enjoys the benefits of cheap
water transportation; in fact, the Great
Lakes comprise the greatest commercial
waterway in the world, and the Mississippi
and its tributaries are navigable for thou-
sands of miles. Criss-crossing this region at
St. Louis, Chicago, and other cities are
transcontinental railways, and the eastern
and western trunk lines connecting with
waterway terminals. A well-developed
highway system not only supplements and
links other facilities for low-cost trans-
portation but also affords a leading market
for industrial minerals to repair and extend
it.
Water power, though locally important
in some midwestern states, is negligible com-
pared with cheap power possibilities of the
vast resources of coal in Illinois, Ohio, Indi-
ana, Missouri, and other states. I am not
prepared to forecast the long-term influence
of these resources on the possible establish-
ment of electrochemical and electrometal-
lurgical industries. It may be important,
but as I see it the short-term trend in these
industries is toward utilizing large blocks of
hydroelectric power already developed—ex-
1 Cf. National Resources Committee, Regional Factors
in National Planning and Development: Washington, D. C,
Dec. 1935. 223 pp.
cept where local conditions in respect to
either raw materials or markets dictate
otherwise.
The center of population of the nation
crossed the borderline of Indiana as early
as 1890 and has advanced steadily west-
ward and a little to the south, into the
heart of the Middle West. This fact is
significant because it makes this region not
merely a market area for the 40 million
people that reside in these 12 states but also
one of the best collecting, processing, and
distributing centers in the country—or, more
accurately, the optimum location for many
such centers. This crossroads location hith-
erto has been less significant in respect to
industrial minerals than in respect to other
products because industrial minerals as a
class are too bulky, too common, too low-
priced, and too widely distributed to permit
being carried long distances, even when
transportation facilities and geographic fac-
tors are as nearly ideal as they are in the
Middle West. This certainly is true as
regards sand and gravel, ordinary stone,
heavy-clay products, and even cement. On
the other hand, the nation-wide distribution
of Indiana limestone, as well as certain
other specialties, has definitely been pro-
moted by their strategic location. I am in-
clined to think that further advances in the
process industries also will capitalize these
national advantages.
General Trends
No economic study is convincing without
a generous admixture of statistics. Never-
theless, good figures do not always assume
good logic. The latest Census figures, for
example, have been interpreted to show a
population trend away from the central
United States, because all but one of the six
states having fewer inhabitants in 1940
than in 1930 were in this general region.
However, North Dakota, South Dakota,
Nebraska, and Kansas, as well as Oklahoma
(which is not herein classed as a Midwest-
ern State) lie in the Dust Bowl and do
not typify the whole area. Michigan and
Minnesota actually showed a larger increase
in population than the national average of
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Table 1.
—
Population in the Middle West and in the United States, 1940 and 1930
(Census figures)
Division and State
Population
Increase
1930-1940
Per cent c f increase
1940 1930 1930-1940 1920-1930
East North Central:
Illinois 7,874,155
3,416,152
5,245,012
6,889,623
3,125,881
7,630,654
3,238,503
4,842,325
6,646,697
2,939,006
243,501
177,649
402,687
242,926
186,875
3.2
5.5
8.3
3.7
6.4
17.7
Indiana
Michigan
Ohio
10.5
32.0
15.4
Wisconsin 11.7
Total 26,550,823
2,535,430
1,799,137
2,785,896
3,775,737
1,313,468
639,690
641,134
25,297,185
2,470,939
1,880,999
2,563,953
3,629,367
1,377,963
680,845
692,849
1,253,638
64,491
—81,862
221,943
146,370
—64,495
—41,155
—51,715
5.0
2.6
—4.4
8.7
4.0
—4.7
—6.0
—7.5
17 8
West North Central:
Iowa 2.8
Kansas 6.3
Minnesota 7.4
Missouri 6.6
Nebraska 6 3
North Dakota 5.3
8.8
Total 13,490,492
40,041,315
131,409,881
13,296,915
38,594,100
122,775,046
193,577
1,447,215
8,634,835
1.5
3.7
7.0
6.0
Midwest total 13 5
16.1
seven per cent. For the region as a whole
the growth was better than half the national
average and virtually paced that of similar-
ly stable communities of the eastern indus-
trial area. From 1920 to 1930 the Middle
West increased 13.5 per cent in population
compared with 16.1 per cent for the Nation,
the increase in that decade being due not
only to the surplus of births over deaths
but also to the influx of workers from other
sections of the country; hundreds of thou-
sands flocked to Michigan seeking employ-
ment in automobile and allied industries.
Population data for 1940 are shown by
states in table 1.
Distribution of population is ascribed to
rational selection of residence in relation to
economic opportunity, cultural advantages,
and climate, but the United States is so
large that, notwithstanding considerable
freedom of movement, the pressure of pop-
ulation on economic resources is greater in
the older settled areas where birth rates
have run ahead of migration and expansion
of employment opportunities. Apart from
the Dust Bowl, the seriousness of which has
been overemphasized in the popular press,
there are other sore spots in this Middle
West, notably the cut-over forest area in
the Great Lakes region, that stretches from
northern Michigan across Wisconsin and
Minnesota. Most of the difficulties, how-
ever, are part of the general continental
pattern that results from the westward
march of mining and lumbering, which pro-
ceeded faster than the westward trend of
manufacturing and population, especially in
earlier decades. As regards mineral indus-
tries, these changes reflect exhaustion of
the cream of easily worked deposits. Better
technology, although sometimes deplored be-
cause it has caused a drop in employment
in mines and quarries, has made it possible
for us to make more complete use of leaner
deposits and resources of common kinds of
minerals. Moreover, there is a marked
trend toward greater refinement of fabri-
cation ; in other words, we can get more
service out of a unit quantity of product
—
witness nylon, which is merely coal with
air and water added, although no coal
miner would recognize it as such. These
forces favor stabilization and gives new life
to mature communities.
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Table 2.- -Manufacturing Output and Employment in the Middle West and in the United States
1929
Persons engaged
in manufacturing
Cost of
materials,
fuel, etc.
Value of products
Division and State
Total
Percentage
increase
1919-1929
Total
Percentage
increase
1919-1929
East North Central:
Illinois 836,347
362,453
602,988
859,289
313,139
3.9
9.8
9.8
—2.7
—1.5
$ 3,352,054,479
1,403,431,157
2,589,374,167
3,138,098,834
1,206,840,087
$ 6,282,092,240
2,539,893,849
4,656,718,046
6,027,903,137
2,156,681,769
15 8
Indiana
Michigan
Ohio. .
Wisconsin
33.7
34.4
18.2
16.8
Total 2,974,216
99,311
58,618
126,409
243,778
35,682
5,211
8,204
3.2
—5.8
—23.9
—14.4
— 0.5
—27.3
—18.0
— 9.2
$11,689,798,724
574,393,729
546,246,575
768,218,329
1,139,658,082
364,174,710
39,684,462
75,016,424
$21,663,289,041
898,213,272
751,613,194
1,173,213,606
1,917,155,275
484,168,409
55,321,592
97,697,636
22 1
West North Central:
Iowa 20.5
Kansas —17 7
Minnesota — 3 8
Missouri 20.3
Nebraska —18.8
North Dakota — 3.6
South Dakota 57.2
Total 577,214
3,551,430
10,330,728
— 9.7
0.7
— 3.3
$ 3,507,392,311
$15,197,191,035
$38,549,579,732
$ 5,377,382,984
$27,040,672,025
$70,434,863,443
3.7
Midwest Total 17.9
United States 13.5
Over one-third of the wage jobs (as
shown in table 2) and more than one-third
of the wage payments in this country in
1929 were in the Middle West States.
Industrial employment in this area is not
increasing as rapidly as in the Southeast
or in the Far West, yet it has managed to
do better than the Northeast, which pro-
vided 56 per cent of the Nation's jobs in
1899 and only 44 per cent in 1929. Cor-
responding figures for the Middle West
show a gain from 28 to 33 per cent during
these three decades. In manufacturing pro-
duction, however, it has done better. The
total value of products increased from 1919
to 1929 by 17.9 per cent in the Middle
West compared with only 13.5 per cent in
the United States, and decreased from 1929
to 1937 only 11.0 per cent in the Middle
West compared with 15.3 per cent in the
United States. In respect to the East
North-Central States alone the drop in
1937 compared with 1929 was only 7.8 per
cent or hardly more than half the national
average decline, and the decline in employ-
ment was less than 1 per cent compared
with over 5 per cent throughout the nation.
Table 3 shows that the per-capita in-
come for the total continental United States
reached in 1937 a post-depression peak of
83.4 per cent of what it was in 1929. Al-
though the highly industrialized states, no-
tably Illinois and Missouri, and even some
of the agricultural states, such as Nebraska,
fell behind the national average percentage
recovery most of the Midwestern States did
better, and the region as a whole enjoyed
its fair share of the general upswing.
The plain implication of these statistical
and factual data is that the safest predic-
tions for this region are based upon careful
study and projection of existing trends.
Mineral Production
Comparative figures for mineral produc-
tion as shown in Table 4 for 1929 and
1937, which was the peak year for most
minerals after the depression, show a 13-
per cent decline in the value of the output
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of the Middle West compared with a de-
cline of only 5 per cent for the United
Table 3.
—
Income Payments per capita in the
Middle West and in the United States
1929, 1932, 1937, 1939 1
Division and State 1929 1932 1937 1939
East North-Central:
Illinois 892
589
759
747
653
536
519
570
608
538
441
446
679
430
307
347
390
338
290
284
329
337
312
217
225
376
664
520
650
643
537
461
455
511
484
454
365
341
566
640
Indiana 494
Michigan 604
Ohio 608
Wisconsin
West North-Central:
Iowa
Kansas
501
446
411
Minnesota
Missouri
505
472
Nebraska
North Dakota ....
South Dakota
United States
421
362
373
536
1 Estimated total income payments divided by estimated
population. Revised figures published by John L. Martin,
Survey of Current Business, October 1940, pp. 8-12.
States. All the States in the East North-
Central group experienced a serious slump.
Except for Iowa, the West North-Central
States made a much better showing. South
Dakota achieved a spectacular gain owing
mainly, of course, to increased production
and higher prices for gold, although its
output of nonmetallic minerals increased
too. Production in Kansas and Minnesota
increased in 1937, owing to expansion in
petroleum and iron ore, respectively. Al-
though the Middle West has 30 per cent
of the population of the United States, the
value of products of its mines, quarries, and
wells was only 18 per cent of the national
total in 1929 and even less in 1937.
In table 5, which shows the production
of leading minerals, it will be noted that
iron ore, petroleum products, lead, lime,
manganiferous ore, fluorspar, barite, and
grindstones (including pulpstones) are the
only major items in which the Middle
Table 4.
—
Mineral Production by States, 1929 and 1937, and Principal Products
of each State
Value of mineral output
Principal mineral products
Division and State
1929 19371
Per cent
of 1929
in order of value
(1937)
East North-Central:
Illinois
Indiana
$ 182,791,131
96,961,947
151,975,563
220,061,343
24,222,229
$ 138,987,165
59,684,281
119,272,121
162,957,776
15,240,138
76.2
61.5
78.4
74.1
62.8
Coal, petroleum, stone, sand and gravel
Coal, cement, stone, clay products
Iron ore, petroleum, copper, cement
Coal, clay products, natural gas, stone
Iron ore, stone, sand and gravel, cement
Michigan
Ohio..
Wisconsin
Total
West North-Central:
Iowa
$ 676,012,213
35,954,895
124,472,480
136,349,610
78,948,484
4,844,542
3,465,563
8,914,344
$ 496,141,481
26,962,961
154,376,403
152,120,458
64,288,903
4,839,049
2,873,011
23,472,873
73.3
74.8
124.0
111.8
81.6
100.0
82.8
263.5
Coal, cement, stone, clay products
Petroleum, natural gas, zinc, coal
Iron ore, manganiferous ore, stone, sand
and gravel
Lead, coal, cement, stone, zinc, sand and
Kansas
Minnesota
Missouri
Nebraska
gravel
Cement, stone, sand and gravel, clay
products
Coal, sand and gravel, clay products,
stone
Gold, stone, sand and gravel, miscellaneous
North Dakota
South Dakota
Total
Midwest total
United States
$ 392,949,918
$1,068,962,000
$5,887,600,000
$ 428,933,658
$ 925,075,000
$5,560,755,000
109.2
86.6
94.5
1 Clay products statistics calculated on same basis as in 1929, thus differing from Minerals Yearbook figures which
recent years report value of only raw material used in clay products.
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West's share of the total national output
was greater in 1937 than in 1929. For most
items the slump in production in the Mid-
western states was greater than in the
country as a whole, and declines were most
severe among the building materials. Ce-
ment shipments failed to rise above 61 per
cent and stone and sand and gravel above
71 per cent of their 1929 values. Fluorspar
in Illinois and barite in Missouri gained
not only in relation to the national output
of these items but actually, reflecting re-
duced imports and increased demand.
Three leading items—coal, iron ore, and
clay products—comprise more than half the
total value of the Middle West's minerals
output. Adding the growing value of petro-
leum, natural gas, and gasoline to the de-
clining value of coal the output of fuels
alone represented 41 per cent of the total
mineral production.
If we narrow our discussion to the indus-
trial or nonmetallic minerals other than
fuels, only clay products, cement, stone,
sand and gravel (with which I have includ-
ed chats), salt, lime, gypsum, 2 fluorspar,
and barite are included among the 19 items
whose production in the Middle West was
worth $500,000 or more in 1937.
The total for all kinds of industrial min-
erals, including a variety of unspecified
items, aggregated less than one-third of
the total value of the mineral production
of the region. The complete list of unspeci-
fied items in 1937 includes bromine, mag-
nesium salts, calcium chloride, and other
salt brine by-products (Mich.), pumice
(Kans., Neb.), sharpening stones (Ohio),
mineral paints, peat, pyrite, sand-lime brick,
2 Figures for gypsum cannot be shown separately without
revealing confidential information.
Table 5.
—
Value of Mineral Products of the Middle Western States and of the United
States, 1929 and 1937
(Bureau of Mines figures)
1929 1937
Mineral Products
United States Middle West United States Middle West
Dollars Dollars
Per cent
of
U.S.
Dollars Dollars
Per cent
of
U.S.
Bituminous coal
Iron ore
952,781,000
197,148,640
373,409,391
1,280,417,000
255,104,506
202,692,762
133,377,579
413,276,000
352,504,000
84,735,000
80,802,000
27,334,695
33,478,848
45,651,400
158,410,000
3,274,466
2,791,126
1,850,706
1,241,546
1,287,319,335
213,588,000
174,884,321
1163,929,649
96,460,000
81,580,028
74,302,009
50,162,139
48,329,400
32,807,184
28,607,544
18,200,688
15,305,494
14,246,139
6,549,599
l3, 747,000
l2, 531 ,072
1,284,834
884,531
1660,195
40,902,305
22.4
88.7
x43.9
7.5
31.9
36.7
37.6
11.7
9.3
33.8
22.5
56.0
42.5
14.3
1 2.3
'11. S
46.0
47.8
l53.2
3.2
864,042,000
207,828,213
256,374,176
1,513,340,000
171,414,093
146,213,128
98,097,108
528,354,000
201,988,000
52,291,000
71,651,000
24,131,733
30,091,068
168,158,900
97,125,000
3,857,768
3,666,629
2,240,970
572,708
1,119,317,406
190,053,000
187,210,425
99,852,502
127,022,000
49,501,033
52,964,125
34,698,687
57,741,000
11,551,386
20,640,088
14,018,940
11,890,826
13,720,959
20,355,840
2,908,000
3,484,237
1,730,585
1,430,397
340,348
23,960,772
21.9
90
Clay products
Petroleum
39.0
8 4
Cement 28.9
Stone 36.2
Sand, gravel, chats . . .
Natural gas
35.4
10 9
Copper 5.7
Lead 39.4
Zinc 19.5
Salt 49.3
Lime
Gold
45.5
12.1
Natural gasoline
Manganiferous ore. . . .
Fluorspar
3.0
90.3
47.2
Barite 63.8
Grindstones, etc
All other3
59.3
2.1
Total . . . 5,887,600,000 1,068,962,000 18.1 25, 560, 755, 000 2925,075,000 16.6
' Vnluc partly concealed; additional amounts included under "Miscellaneous."
2 Clay products statistics calculated on same basis as 1929, thus differing from Minerals Yearbook figures which in
i<< Mil yen, reporl value of only raw materials used in certain clay products.
:t
I iK ludes pig iron.
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Fig. 90.—Production of specified heavy-clay products in the United States, 1920-
1938. Data are from the Bureau of the Census.
feldspar, lithium, and sundry pegmatite
minerals (So. Dak.) and bentonite (So.
Dak.)
Many of these items have only local sig-
nificance, and it would take too long to
analyze them separately. From a broad
regional viewpoint the discussion of future
trends can be grouped under two main
headings, one comprising building materials
and the other materials used in process in-
dustries.
Clay Products
Because clay products are so important
in the mineral economy of the Middle West,
however, they deserve separate attention.
For purposes of market analysis they can
be roughly divided, like Caesar's Gaul, into
three parts. Of the total national output
of clay products in 1929, aggregating 377
million dollars, structural products com-
prised 57 per cent, refractory clay products
13 per cent, and pottery and allied products
30 per cent.
The structural materials sector comprises,
as principal products, common brick, fire
brick, paving brick, hollow building tile, and
drain tile. The nationwide trend has been
a declining use of brick and tile in construc-
tion owing to displacement by competitive
materials, as well as the plight of the build-
ing industries themselves. Signs are that
clay products are now making a better fight
and that in the future these products will do
as well as or better than general building
(fig. 90).
In the second main division—refractories
—interindustry competition from nonclay
products likewise is a factor, although the
more extended use of high-grade refrac-
tories forecasts healthy growth in clay fire-
brick of the better kinds, following a pattern
traced by the ups and downs of the metal-
lurgical industry, of which steel-ingot pro-
duction is a fairly good barometer (fig. 91).
The third division of the clay-products
industry comprises the manufacture of pot-
tery, electrical porcelain, and other finer
wares that command a relatively wide mar-
ket radius. Recently potters have been doing
better than they have for years, partly be-
cause of the wartime restrictions and volun-
tary boycotts on imported ware but also
because domestic ware is getting better and
cheaper (fig. 92).
In brief, clay products manufacturers
seem to be justified in conservative opti-
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Fig. 91.—Sales of domestic clay for refractories compared with iron and steel pro-
|
duction (Federal Reserve Board Index, 1921-1939.)
mism. Some specialties may do very well
indeed ; contrariwise, some may fall victim
to interindustry competition. A few general
trends are depicted in charts from the Clays
chapter of Minerals Yearbook 1940, but
for a systematic analysis of individual prod-
ucts I recommend to you the comprehensive
and authoritative reviews of the industry
issued by the Bureau of Business Research
Staff of Ohio State University. 3
It is only proper to observe that in this
industry—even more than in other mineral
industries—future trends may be affected
profoundly by aggressive salesmanship, price
policies, creation of improved products, and
other factors not readily oriented to ele-
mentary measures of probable supply and
demand.
Building Materials
Few fields of human endeavor have
proved more disappointing to forecasters
than construction. The rate of family for-
mation during the next decade undoubtedly
will be greater than during the last 10
years, owing to the increasing proportion
of persons 25 to 45 years of age and after
allowance is made for apparent trends of
fertility, mortality, and immigration. Not
long ago it seemed reasonable to assume
that the number of new households would
3 Chute, A. II., Marketing Burned Clay Products: Ohio
State University, June 1939, 374 pp.
increase roughly in proportion to the num-
ber of families, but during the thirties
about half as many households were formed
as during the twenties. We learned that an
apparent need for houses is not translated
into effective demand unless other factors
are present. The road to home ownership
has been made easier recently by low-cost
financing, higher real wages, and wider
employment. Now that many factors that
hindered the formation and maintenance of
households during the thirties have been
ameliorated the last best guess of competent
forecasters is that the number of new house-
holds formed during the forties will almost
reach the record of the boom decade, 1920-
29. The chief element of uncertainty is
whether more families will have to double
up or whether economic conditions will
encourage more families to occupy separate
establishments.
Even though a reasonably correct esti-
mate of gross population gains can be made,
forecasts for the Middle West alone are
fraught with further uncertainty as to dis-
tribution between farm and nonfarm house-
holds. Still more uncertainty arises in
respect to nonresidential building and mis-
cellaneous construction, which normally
constitute roughly one-third the value of
all private construction. Factory building
will be stimulated by defense needs, but
demand for office buildings and public build-
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ings of various kinds seems to have been
anticipated already in some cities.
Whether general building ever again
equals its 1928-29 records, at least on a
per capita basis, will depend on various
factors; even if it does not, producers of
nonmetallic minerals need not feel pessi-
mistic as long as they hold their own in
interindustry competition. During the de-
pression manufacturers of mineral wool
began to find a wide market for their prod-
uct in modernizing existing homes. Sales
of gypsum board and other specialties have
advanced by leaps and bounds, simply be-
cause they were cheaper or better than com-
peting materials.
Process Industries
Half the domestic production of chem-
icals is concentrated in four states which,
1940
Fig. 92.—Values of domestic production of pottery and clay products other than
pottery compared with construction contract awards and indices of general in-
dustrial production, 1920-1939. Indices of industrial production and construc-
tion contracts are from the Federal Reserve Board; construction calculated from
data of the F. W. Dodge Corporation.
Table 6.
—
Construction Contracts Awarded (Valuations in thousands of dollars),
1929 and 1937.
(Data by courtesy of F. W. Dodge Corporation)
Residential Total construction
Division and State
1929 1937 1929 1937
Per cent
decline
1929-37
East North Central:
Illinois
Indiana
Michigan
Ohio
Wisconsin
$226,213
30,810
108,425
109,618
59,745
$ 43,253
16,685
61,396
77,229
19,007
$ 547,941
149,030
367,663
381,554
162,748
$198,086
69,037
172,196
205,549
70,455
63.9
53.7
53.2
46.2
56 7
Total $534,811
$ 11,047
15,829
13,531
14,194
7,477
1,474
998
$217,570
$ 7,890
10,135
17,440
28,122
6,439
664
1,071
$1,608,936
$ 76,310
56,453
63,052
208,731
31,086
10,733
9,467
$715,323
$ 44,001
37,417
54,739
88,866
28,567
6,877
9,498
55.7
West North Central.
Iowa
Kansas
Minnesota
57.7
66.3
13.2
Missouri
Nebraska
North Dakota
South Dakota
57.3
8.1
35.9
0.0
Total
Midwest total
$ 64,550
$599,361
$ 71,761
$289,331
$ 455,832
$2,064,768
$269,965
$985,288
40.8
52.3
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in order of importance, are New Jersey,
New York, Pennsylvania, and Illinois.
Markets for products have dictated the
clustering of plants around such centers
as metropolitan New York, Philadelphia,
Pittsburgh, Chicago, Cleveland, Cincinnati,
and St. Louis. The main attractions for
chemical plants, next to markets, are prob-
ably coal, oil, gas, and electricity, being
used not merely for heat and energy but
also as raw materials or processing agents
in manufacturing. These are abundant in
the Middle West which also has some of
the purest limestone and, as a by-product
of coal mines and zinc smelters, plenty of
sulfur. Salt occurs in Michigan and Ohio
as brines and in Kansas as rock salt. In
other words, this region has the essential
raw materials for most heavy chemicals, and
a study of the Census figures shows that
the Middle West is holding its own in the
swiftly forward march of the American
chemical industries. It is favorably situat-
ed, too, for anticipated expansion in indus-
tries based upon the "chemurgical" mar-
riage of products of mine and farm.
As regards minerals used in iron and steel
making—limestone, dolomite, clay refrac-
tories, fluorspar, and so forth—optimism is
likewise warranted. Steel-ingot production
probably should grow somewhat more in
this region than in the United States as a
whole. The glass industry, well-established
already in Ohio and Indiana, seems destined
to expand still more and possibly to migrate
slowly westward from older centers situated
less favorably.
The gist of this forecast is embodied in a
recent report of the National Resources
Committee, entitled "The Problems of
Changing Population" (May 1938, p. 82) :
"The historical trend in the Nation as a whole
during the past 50 years has been toward a decline
in the extractive industries and an increase in the
trade and service occupations, while the relative
importance of the manufacturing and mechanical
industries has remained fairly constant. The North-
east, the Middle States, and the Far West have
shared in this national trend to a much more
marked degree than the other regions. In spite of
the movement away from the extractive industries,
that part of the population still employed in them
is in a number of sections among the least favorably
situated economically. This is due in part to the de-
struction of natural resources (forests, mines, soil
fertility) and in part to the increasing pressure of
population in some sections where the chief em-
ployment opportunities are in the extractive in-
dustries. Among such areas are the Great Lakes
cut-over region, some of the bituminous-coal-
mining regions, a considerable part of the Southeast,
and parts of the Great Plains area. . . . Manu-
facturing and mechanical industries are concen-
trated chiefly in the Northeast and the Middle
States. Analysis of recent trends indicates some
movement away from the old manufacturing
centers, but the main trend seems to be toward a
persistence of the general pattern of concentration
and dispersion as found at present, with slow
diffusion of industry within the principal industrial
areas and the occasional emergence of new in-
dustrial centers, rather than toward any general
dispersion of industry across the whole country."
In other words, the broad pattern of
industry in the Middle West is established
too firmly to change rapidly, and its minor
cyclical movements are likely to follow
those of the nation. However, there is just
one further factor that needs mention at
this time ; that is the impact of the defense
program. Current policy is to establish de-
fense plants inland. Inasmuch as no part of
the Middle West is within 300 miles of the
ocean and as the Appalachians afford a defi-
nite measure of protection from possible
enemy attack from the Atlantic, Midwest
locations should be favored. Some students
of political and social science advocate a
good balance between agriculture and man-
ufacturing in every State, even in counties.
It must be admitted that the section bene-
fiting most from the decentralization of
industry is the South, but the Middle West
can except to gain more than it will lose as
a result of widespread local balancing of
farm-factory ratios.
RELATIONSHIP OF TRANSPORTATION TO THE
INDUSTRIAL MINERALS INDUSTRY
W. M. Weigel
Mineral Technologist, Missouri Pacific Railroad Company, Saint Louis, Missouri
A DEQUATE TRANSPORTATION IS a neces-
/-\ sity for the profitable production of
-*- -^- nearly all minerals. This is especial-
ly true for industrial minerals that must be
moved in large volume and over long dis-
tances.
The interests of the transportation sys-
tems and industrial mineral producers are
mutual at many points, and generally the
prosperity of one affects that of the other.
Increased production means more tonnage
to haul, and the principal transporting
agency, the railroads, are large consumers of
industrial minerals, especially stone, gravel,
lime, cement, paint pigments, and special
sands. I will not discuss the controversial
question of rates except in a general way,
but I do wish to say, speaking for the rail-
roads, that they are anxious at all times to
be as helpful as possible and will always
meet the shipper more than half way in the
adjustment of differences and the establish-
ment of proper commodity rates whenever
possible.
The industrial mineral industry depends
upon the transportation systems of the
country to furnish reliable, convenient, and
reasonably rapid transport of the products
of its mines, quarries, and plants to the
markets at as low a cost as is commensurate
with the service rendered. Without ade-
quate transportation many of our industrial
minerals could not be developed and civil-
ization would be denied the benefits of
many mineral products which so greatly
increase the comforts and conveniences of
life. On the other hand the transportation
systems are appreciative of the business
given them by industrial mineral producers.
It is generally fairly profitable because,
although the rates are usually low com-
pared with those for other commodities, cars
can be loaded to full capacity and the dam-
age risk is slight in most cases. Also the
movement is not seasonal, as is the case for
most agricultural products, which makes
for efficient and low-cost transportation.
Technologic advances in the industrial
mineral industry would, at first thought,
not seem to have much to do with transpor-
tation, but these advances have probably
fully as much effect on the economics of
transportation of industrial minerals as they
do on the economic factors of the industrial
mineral industry. Economic factors are
largely affected by general business condi-
tions, or the volume of traffic rises and falls
with succeeding cycles of prosperity and
depression. On the other hand, technologic
developments are progressive. When some
change in volume or direction of flow of
traffic follows a technical development the
change is independent of economic factors
and seldom goes backward, although it may
again be changed by a future advance in
science or technology. Such changes some-
times cause the substitution of one mineral
for another or the actual lessened use of
a mineral.
The advances in technology of both the
preparation and use of industrial minerals
are a great factor in increasing traffic for the
transportation systems. This applies not
only to present traffic but to the future,
as it has made possible the production of
mineral products heretofore unusable. An
example of this, the benefication of lime-
stone by flotation for cement manufacture,
has assured the continued operation of plants
that might otherwise have been forced to
close. The discovery of the properties of
diaspore in central Missouri and its adap-
tation to the manufacture of high-grade
refractories has built up a nice volume of
new traffic for the transportation systems.
The development of new uses for barite,
as for example in drilling-mud for oil and
gas in the south and southwest, has created
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a flow of traffic of this mineral in an entire-
ly new direction. Formerly it was all mov-
ing to the north and east; now there is a
large movement to the south and southwest
and even for export from the Gulf ports.
The rapid advance in the production of
insulating materials of mineral origin may
be cited. The application of the flotation
process to phosphate rock in Florida and
Tennessee has considerably extended the
reserves and recoverable tonnage of this
commodity, thus increasing the tonnage
that ultimately will be handled by the trans-
portation systems. Many other instances
could be mentioned.
The transportation systems, especially the
railroads, fully realize the changes that
are taking place in the mineral industry
and are cooperating by doing all that can
be reasonably expected to assist in the
movement of industrial minerals, raw or
processed, to the markets. To meet new
conditions and demands the railroads have
increased train speeds, eliminated many
delays at terminals or junctions, increased
car capacity, and are doing all they can
to expedite movement of freight. Special
equipment has been designed and put into
service for special commodities. Ground
fuller's earth or other finely ground miner-
als can now be shipped in bulk in tank cars
with special unloading equipment built into
the car. Covered hopper-bottom cars are
now quite common. Container cars in which
the commodity is placed in closed steel
boxes, several of which are then placed on
a flat car, are finding increased use. Each
container can then be lifted off with a crane
and moved to any desired storage space,
thus quickly releasing the car. Other special
equipment will be built whenever the traffic
offered justifies the expense.
Advances in technology and production
of formerly unused minerals make it neces-
sary for the traffic departments of the rail-
roads to keep informed of these advances
and be ready to establish a proper rate.
Some industrial minerals fall into the stand-
ard classifications established by all rail-
roads. On mineral commodities which are
not already classified a commodity rate
can usually be put into effect. However a
commodity must be properly named when
making shipments, and the rate must be
based on what it is and not on what is to
be used for. The Interstate Commerce
Commission has ruled that the use for
which a commodity is intended cannot be
used as a basis for making the rate.
I would advise the industrial mineral
producer whose operations are not large
enough to employ a full-time traffic man
or a sales force, to frequently contact a
traffic representative of the railroad serving
him and discuss his problems with him.
Their interests are mutual and very often
the railroad can be helpful in not only rate
matters and routing, but in assisting in ex-
panding his market or finding new uses.
Very often the railroads have inquiries from
consumers for names of producers of certain
minerals, and they are always glad to pass
these inquiries along to producers on their
lines.
Possibly a discussion of some details of
the relationship of the carrier to the pro-
ducer may be of interest. To simplify this
we can first roughly place industrial min-
erals into three groups: first, mineral prod-
ucts of low price and large volume usually
moving comparatively short distances, such
as crushed and broken stone, agricultural
stone, sand and gravel, crude clay, rip-rap
and similar commodities; second, minerals
of somewhat greater value and less volume,
but still in sizable quantities in some in-
stances, such as bauxite, barite, feldspar,
sulphur, fluorspar, ground fuller's earth,
lime, cement, sawed stone or marble slabs,
roofing granules, whiting, talc, tripoli, salt,
fertilizer materials, diatomaceous earth, and
similar products ; third, more valuable prod-
ucts such as cleaned asbestos, sheet mica,
prepared mineral paint pigments and on up
to semi-precious stones.
To serve the first group the carriers must
be prepared to furnish an ample supply of
cars and these must be placed and the loaded
cars taken away regularly and promptly
so as not to interfere with the continuous
operation of the plant. More trackage is
required than is usual under the second
group and the track must be maintained
in good order. The railroad often sets aside
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and assigns a definite kind and number of
cars to operations of this character when
feasible, as for example when the material
all moves to one destination. In one case I
know of the railroad especially equipped
100 flat cars for a definite movement of
jetty stone over a long distance, and these
cars were held to this service throughout
the movement. The stone ranged in size up
to pieces of ten tons in weight. Sometimes
the shipper owns and maintains his own cars
where there is a comparatively short haul,
say between pit and plant, or where espe-
cially designed cars are required that would
be unusable for other commodities.
Before opening up a deposit or building
a plant that requires trackage the producer
and carrier enter into an agreement cover-
ing tracks and their maintenance. Rates are
also determined at this time. In the case of
standard materials such as crushed stone,
sand, gravel and clay, standard rates based
on mileage are in effect and it is difficult to
make any change in them. If the commod-
ity has not been classified, then a commodity
rate is worked out that is fair to both
producer and carrier.
As stated, mineral products of the first
group are low in price, usually less than
$2.00 per ton f.o.b. shipping point, and
their radius of movement is limited by the
transportation cost that they can bear in
competition with the same product from
the opposite direction. It is difficult or
impossible to give any figure, but it is prob-
able that the average haul is such that the
average transportation cost about equals
the price f.o.b. point of shipment. There
are of course exceptions both above and be-
low the average. For example the trans-
portation cost on glass sand moving from
Missouri and Arkansas to Mexico is several
times the price of the sand f.o.b. the origin.
This movement is of course due to the fact
that no suitable sand is nearer the point
of consumption.
Minerals of the second group have a
much greater marketing range, partly be-
cause they are higher in value and will
stand greater transportation cost, but mainly
because their occurrence is only in certain
definite localities without the wide and gen-
eral distribution of deposits of minerals of
the first group. They often move in large
volume as for example phosphate rock,
bauxite, gypsum, lime, cement and a few
others. In this group also the railroads
often furnish equipment designed especially
to fit the commodity, such as container cars
and covered hopper bottom cars, and they
must have sufficient equipment to properly
supply the industry and do the necessary
switching.
Adequate transportation is, if anything,
more important for the second group than
for the first, on account of greater distance
from the market.
The ratio of the price of the commodity
f.o.b. point of loading to the cost of trans-
portation varies widely in this group and
even an average estimate of it has no mean-
ing. This is due to the wide variation in
price, all the way from say $2.00 to $30.00
or more per ton, and the variable distance
hauled. As extremes, take the case of phos-
phate rock moving from the Florida field
to a southern Georgia fertilizer plant, and
diatomaceous earth from California to the
eastern seaboard states.
Many of the minerals in the second group
move on commodity rates, and the trans-
portation company serving the industry can
be very helpful in putting fair rates into
effect that will allow the producer to enter
competitive markets on an equal footing
with other points of production. The rail-
roads are particularly interested in minerals
of this group as nearly all of them move
by rail rather than by truck or other means
of transportation. This is because the com-
modities as an average move greater dis-
tances, load at point of production and are
unloaded directly into a plant or storage
at point of consumption without the neces-
sity of hauling from the car to the receiving
plant. Much of the tonnage of the first
group, especially aggregates and sand, are
delivered to relatively nearby points of con-
sumption and to points not served by tracks,
so that truck haulage from point of pro-
duction to point of use is often cheaper
than combined rail and truck haulage.
Ready mixed concrete plants however are
usually served by rail and receive their
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aggregate and cement by rail and distribute
the "ready-mixed" concrete to the job by
truck.
Minerals of the third group move in rela-
tively small quantities, but the average haul
is long and they take a higher basis of rates
and so are a source of considerable revenue
to the transportation companies. However,
nearby transportation is not so essential to
the operation of mines producing this group.
In some cases the inbound tonnage of fuel
and supplies may exceed that of the out-
bound product. Fairly long truck hauls
from the mine to the nearest shipping point
are not uncommon, but due to the distance
to the market the railroads usually get a
fair share of the transportation revenue.
Due to the high value of the minerals
in this group the ratio of f.o.b. value to
cost of transportation is high, and cost
of transportation is of minor importance in
the economics of the deposit.
In the case of minerals of the first and
second groups cost of transportation is of
prime importance and must be carefully
figured into the economics of the deposit
before an attempt is made to develop it. It
may be such a large percentage of the total
delivered cost that profitable development
is impossible. The transportation companies
will do all they can to help, but obviously
a producer cannot expect to have the same
freight rate to a market as a competitor who
is only half as far away and is producing
the same product of equal quality. The
project must be abandoned or else produc-
tion costs must be reduced or quality raised
or services offered of such a kind that a
higher delivered price can be obtained. In
some of the well organized branches of the
industry, especially for commodities sold
only in processed form such as cement, lime,
and fired clay products, this condition does
not strictly prevail. The price, in a wide
marketing area, is more or less stabilized
for standard grade products and marketing
is both near at hand and at the maximum
allowable distance so that the producer can
sell at the greater distance at little or no
profit and make up for the lack of profit
on this on sales near the point of produc-
tion.
So far I have particularly emphasized
the railroads in their relationship to the
industrial mineral industry. Truck trans-
portation in some instances is of equal
importance where the material moves in
small lots, less than carloads. Where the
producer or consumer is located on naviga-
ble water, water transportation may be ad-
vantageous. If the transportation agency
is a common carrier, then the relationship is
about the same as with the railroads. Water
transportation is however much less flexible
and slower, and points of distribution are
limited unless combined water and rail
facilities are used. Truck transportation is
flexible and convenient, and under certain
conditions the railroads can not compete
with trucks in the matter of time and con-
venience.
However the common-carrier trucks do
not want to handle the heavy bulky indus-
trial minerals. Where such movement takes
place it is usually by contract trucks or by
trucks owned by the producer. In the latter
case the producer has to assume all risks
of transportation. Where the volume of
movement and conditions warrant, some
producers own and operate their own boats
for water transport, but it is only in rare
instances where such movement does not
have to be supplemented with a rail haul.
The railroads believe that industrial min-
erals will continue to move largely by rail
instead of by other means of transportation.
They know that the use of industrial min-
erals is increasing and will continue to
increase due to expansion in the uses of
industrial minerals and new technological
developments in both preparation and use.
For these reasons it is to their interest, and
they can be depended upon, to furnish the
best possible service in transportation and
to be of assistance to the industry in every
way open to them.
SOME ECONOMIC ASPECTS OF THE USE OF INDUSTRIAL
MINERALS IN FARM-IMPROVEMENT CONSTRUCTION
H. C. M Case
Professor of Agricultural Economics , Head of Department, University of Illinois
The effective demand for any com-
mercial product is determined mainly
by personal preferences and by the
purchasing power of the potential buyers.
The industrial producer, in addition is con-
cerned with the extent of the prospective
market. In the United States, 6 million
farms, which have an approximate build-
ing value of 13 billion dollars, represent
a large potential market for new improve-
ments and for the repair or remodeling of
old structures.
Aside from farm buildings, other con-
structions on the farm, especially fencing,
drainage, and roadways, constitute addition-
al large upkeep expenses. Somewhat over-
looked in the minds of many people is the
large annual outlay which farmers are now
making for the purchase of limestone, rock
phosphate, and other mineral fertilizers
which have become more essential as our
agriculture has reached mature or declining
stages. The scope of this paper will not
permit a discussion of the construction of
hard roads and improved roads which have
literally pulled the farmer out of Illinois
mud in recent years.
When anyone views the older farm struc-
tures which are still standing in Illinois, he
is impressed by the use of glacier boulders,
quarried rocks, and a very inferior burned
brick for early foundations. In many of
the buildings which are still in good repair,
the framework especially was constructed
of native, hardwood timber. Even in the
days when these buildings were constructed,
the farmers chose their building materials in
accord with their personal preferences and
their economic means, although their choice
of materials was limited.
In approaching the future of farm con-
struction, we must recognize that, in most
of Illinois, we are still in the period of the
life of the first major buildings which were
built on the farms in the state. Materials
used in the draining of Illinois land, which
began about 50 years ago, have not yet
deteriorated to the point of replacement in
any large measure. Therefore, in looking
into the future of farm-improvement needs,
we must consider replacement needs, and we
must even anticipate, somewhat, changes in
practice which will take place in agriculture
in the future and which will affect struc-
tural needs. Furthermore, as we review
the depression period which has been severe
in each of the past two decades following
the first World War, we must recognize
that farm people, in a large measure, have
resorted to repairing existing equipment in-
stead of incurring greater outlays for re-
placements which are badly needed from
the standpoint of proper housing of crops,
livestock, and the farm family itself. Many
of the old structures were so well placed
and so well constructed that they still lend
themselves to remodeling and reflnishing.
However, such a policy is, at best, only an
expediency and cannot be carried on indefi-
nitely without increased replacements.
The past 25 years have been a period of
marked change in farm practices. Within
this period, the tractor has replaced the
horse, in a large measure, on our Illinois
farms. One of the problems, for example,
that the farmer is facing is remodeling the
old, large horse barn for better adapted
uses in line with current practices. In the
farm home, the introduction of electricity
on a large scale is leading to the moderniz-
ing of old residences or is leading people
to look forward to constructing new homes
with electricity, running water, and furnace
heat. Perhaps this construction will take
many of the farmers' dollars for a few
years, but a large amount of building con-
struction will come with it.
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Another item resulting in changed farm
practices is the mechanization of our Illinois
agriculture. This mechanization is leading
to the construction of larger farms and to
the actual razing of many old farmsteads,
with the salvaged material being used for
building new structures or remodeling old
ones. The tendency to store farm grain
under the present ever-normal granary plan
and the introduction of soybean growing
through a large part of Illinois have both
led to a need for additional crib and bin
storage. Instead of the horse barn, we now
need larger machinery sheds to house trac-
tors, trucks, combines, and other large pieces
of equipment which require considerable
space.
The needs are evident. The farm market
is a large one for industrial products of
many kinds. The farmer is a good spender,
but he must have the necessary purchasing
power before he can acquire any of the
improvements that he would like to have
on his farm. In the depression year of 1932
when the farm income was cut to about half
of the 10-year average, the outlay for farm
machinery dropped to 40 per cent of what it
was in 1929. Expenditures for farm im-
provements dropped to less than one-third
of the 1926-1930 level. In depression peri-
ods, the necessary outlay for interest and
payment of principal on the farmers' debts
continues so that the outlay for new equip-
ment and improvements on the farm drops
more than does the farm income. When an
approach is made to the farmers' programs
for improving their farms and for utilizing
various construction materials, we must rec-
ognize that, although they are good spend-
ers they are frequently limited by insuffi-
cient means with which to buy the things
that they should have for the proper im-
provement of their farms.
What can we forecast with regard to any
changes in the farmer's outlay of his in-
come? Where the farmer formerly pro-
duced his own power in the form of horses
and his own fuel in the form of feed to keep
that power operating, he now has high an-
nual out-of-pocket costs for replacements,
repairs, and fuel for his mechanized equip-
ment. He must meet these expenses regard-
less of the price he receives for his farm
products. Although limestone, rock phos-
phate, and other fertilizers have been used
over a considerable period of years, no large
proportion of the farm land in Illinois has
yet received the amount of improvement
which it needs. The current AAA program
has been definitely encouraging the appli-
cation of limestone. In 1939, Illinois farm
advisers estimated that about 1,800,000 tons
of limestone were spread. The AAA pro-
gram has also been encouraging the growth
of more legumes, which are widely needed
in a permanent agricultural production pro-
gram that is leading many farmers to turn
to more livestock production. As livestock
production increases in volume, it requires
investment in shelter space as well as feed-
storage space on many farms.
The farmer's dollar will tend to be in-
vested where it will yield the maximum
return in satisfaction or profit. Satisfaction
comes mainly in the home which the farm
provides for the farmer and his family.
Profit comes mainly in the efficiency of the
farm as a means of producing income.
Greater efficiency may, in turn lead to
further development of the farm-improve-
ment plan.
So many little items of investment are
required on the farm that farmers generally
tend to avoid constructing those improve-
ments which require the highest initial cost
in order to make the available capital cover
the greatest number of needs. Such spend-
ing leads to a lot of farm-repair work on
buildings which, sometimes, might better
be replaced as a long-time policy. It also
leads to the employment of cheaper and less
durable materials in farm-building construc-
tion. Here, however, the disparity between
the prices the farmer receives for his prod-
ucts and the prices he must pay for many
manufactured products or for skilled labor
leads him to give his attention to those
items of investment where his labor can be
used to advantage. Modern machinery gives
the farmer more free time between rush
periods in which he can do a large amount
of construction work. Rather than pay
union wages, farmers are using farm labor
to provide a large part of the improvements
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which go on the farm at the present time,
with the result that the materials used are
those most easily adapted to the skill, or
lack of skill, of ordinary farm labor. A cor-
rection of the disparity in farm prices and
other prices would do much to increase the
farm market for building materials as well
as for many other products.
Any improvements which most farmers
put on the land must rate high from their
utility and service value. Appearance in
farm structures is secondary to utility. If
skilled-labor wages remain at a high level,
the farmer will put in most of his improve-
ments. This fact has a direct bearing on
what products will be used in farm con-
struction.
Perhaps the most useful approach to this
matter of farm construction is to examine
the farmers' preferences. A survey was
made of 100 farms in Champaign County,
including a simple questionnaire which cov-
ered many points pertaining to farm con-
struction, so that something definite could
be presented before this conference.
The 100 farmers interviewed were asked
about their preference in material for foun-
dations, walls, floors, and roofs. For founda-
tions on a variety of farm buildings, 88
preferred concrete; 4, concrete blocks; 1,
brick; and 1, tile. For wall construction,
85 out of 93, or 92 per cent, preferred
wood. For floors, 90 per cent preferred
concrete where it could be used. For roofs,
39 preferred wood shingle; 25, galvanized
iron; 18, asbestos shingle; 11, asphalt
shingle ; and only 1 slate.
More significant, however, are the varied
reasons which the farmers gave for their
preference. With regard to the use of con-
crete, 87 replies mentioned durability; 38,
less skilled labor; 21, cheaper; 21, easily
cleaned and sanitary; and 20, rat and ter-
mite proof. Many of those who mentioned
the cheaper construction of concrete had
gravel available locally. Minor expressions
for the preference of concrete included
"familiar with its use," "easy to put up,"
"suitable for purpose," "water tight," and
a "native product." These reasons for pref-
erence quite overwhelm the 7 preferences
for concrete blocks. The 8 recorded reasons
for preferring concrete blocks included dur-
ability, rat and termite proof, cheaper, less
skilled labor, and thermal properties. Pref-
erences for brick were mentioned in only
four instances; but of these 100 farmers,
few were considering constructing houses.
Six reasons for listing preferences for tile
were widely scattered but included durabil-
ity, cheaper, fireproof, thermal properties,
and no paint needed.
Wood construction preferences, which ap-
ply to 85 references to walls and 9 references
to floors, included cheaper, familiar with
its use, less skilled labor, easily remodeled
and repaired, thermal properties, durability,
suitable for purpose, attractive, and a native
product. These items are given in the order
of the number of men expressing preference
for the reasons stated.
The use of galvanized iron was practical-
ly limited to roofs, and the preferences
given by farmers were (1) durability, (2)
cheaper, (3) fireproof, (4) easy to put up,
(5) rat and termite proof, and (6) less
skilled labor. Wood shingles still lead as
a preferred type of roof, and durability was
the reason given in the majority of cases;
others, however, included thermal proper-
ties, cheaper, easily remodeled and repaired,
and wind resistance. About half as many
preferred asbestos shingle to wood shingle
;
the reasons were that they were durable
and fireproof. Asphalt shingles were pre-
ferred in 1 1 cases mainly because of dura-
bility and fireproof properties, although
some mentioned that they were cheaper.
The materials preferred vary with the kind
of structure under consideration, but the
reasons given indicate that farmers place
durability and economy above anything else.
This information shows that farmers'
preferences are based on past experience.
If changes are coming in the future, the
farmer will have to be convinced that these
changes are justifiable. A review of mate-
rials in existing improvements corresponds
very closely with the expressed preferences,
especially in the light of certain trends
which are taking place now.
Sixty-one per cent of all the houses on the
100 farms had brick foundations, but only
42 per cent of the houses constructed in
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the last 25 years had brick foundations.
The other 58 per cent had concrete and
concrete-block foundations. This trend is
even more pronounced in the construction
of barns. Only 48 per cent of all the barns
on these farms had concrete foundations,
but 33 out of 44, or 75 per cent of all barns
built in the last 25 years, had concrete foun-
dations.
Wood, on the other hand, has not been
replaced as a side-wall and superstructure
material. Slightly over 90 per cent of all
the buildings on the 100 farms surveyed
was of wood construction, with no indica-
tion of any marked tendency to use any
other material in preference to wood in the
future. Houses constitute the only possible
exception. One out of the 9 brick houses
was built 85 years ago; the other 8 have
been built in the last 30 years, but they
were constructed either after the old house
burned down or in periods of relative agri-
cultural prosperity. Asbestos shingles are
gaining a great deal of favor as an exterior
finish for houses. Extending concrete foun-
dations to a height of 5 or 6 feet as a partial
wall in barns has helped keep wood the
primary superstructure material.
The reason for the obviously small num-
ber of farmers using building tile or clay
products in farm-building construction may
be found in part in the answers to the
question "What do you know about concrete
blocks and building tile as building mate-
rials?" Sixty farmers said that did not
know enough about these products to even
offer an opinion; 18 knew something about
them; and only 19 were fairly familiar
with them. If these building materials are
superior products both physically and eco-
nomically, farmers are not aware of it.
Another view of the need of replacement
of buildings on central Illinois farms is the
fact that the houses included in the survey
of 100 farms averaged 40 years in age;
barns, 34 years; corncribs and granaries, 26
years; machinery sheds, poultry houses, and
garages, 21 years. If the ages of these
buildings are compared with the years of
useful life ordinarily accepted where ordi-
nary care is given to improvement, the con-
clusion must be drawn that the date for
replacement of these buildings still lies in
the future. An inspection of original farm
buildings shows many buildings whose struc-
ture is still in good repair. Consequently,
we must look forward, perhaps, to larger
replacements in the future than we have
yet experienced.
Additional evidence of further improve-
ment work to be done on farms is the fact
that 19 houses still have dirt floors in the
basement. As far as barn construction was
concerned, there was about an equal division
of wooden floors, concrete floors, and dirt
floors; but, from the present trend, most
of them will eventually be concrete. In
corncrib and granary construction, most of
the corncribs still have wooden floors, al-
though concrete is coming into use. Only
the newer constructed corncribs, for the
most part, have concrete driveways. The
few concrete-block corncribs found on these
100 farms were, in general, well liked by
those who used them. In fact, some farmers
felt that they could crib their corn a little
earlier in concrete-block corncribs than in
wooden corncribs. However, farmers were
not seriously considering constructing more
concrete-block corncribs because the initial
cost involved is so high.
The survey of the 100 farms included
information on the construction work which
has been completed during the past 10 years
and that which is contemplated in the next
5 years. Over the past 10 years, the 100
farms showed major construction amount-
ing to $140,895. Nearly 29 per cent of this
construction went for 8 new houses; 15
per cent, for limestone; 10 per cent, for
new corncribs and granaries; 8 per cent
for the remodeling of dwellings; 7 per
cent, for paint; 6 per cent, for new barns;
and 4 per cent, for rock phosphate. The
remaining 21 per cent went for remodeling
and major repair work. However, these
figures represent only major items in the
farm-improvement program ; the total an-
nual outlay approaches half again as much.
An expenditure of $112,035 is antici-
pated for construction in the next 5 years.
Extending this same rate of construction to
a 10-year period, farmers would like to
spend 50 per cent more for improvements
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Past and Anticipated Expenditures for Improvements,
100 Farms in Champaign County
Kind of Improvements
New buildings:
Houses
Barns
Cribs
Machine sheds
Garages
Other buildings
Major repairs and remodeling:
Houses
Roofs
Paint
Major repairs ...
Barns
Foundations
Soil improvements (No. of farms)
Limestone
Rock phosphate
Total improvements
In the Past 10 Years
Number Cost
($ 75,213)
$ 40,300
8,690
14,595
4,080
2,675
4,873
($ 39,436)
$ 11,250
12,416
9,579
4,803
815
573
($ 26,246)
68 $ 20,807
12 5,439
$140,895
7
17
20
8
44
95
177
38
3
Per cent
of
total cost
( 53.4)
28.6
6.2
10.4
2.9
1.9
3.4
( 28.0)
8.0
8 8
6.8
3.4
.6
.4
( 18.6)
14.8
3.8
100.0
In the Next 5 Years
Antici- Antici-
pated pated
numbers cost
5
13
17
19
17
38
6
39
88
39
15
16
35
($ 69,525)
$ 25,000
16,130
14,595
3,900
5,680
4,220
($ 28,210)
440
,810
800
930
080
,150
($ 14,300)
$ 10,700
3,600
$112,035
Per cent
of
total cost
( 62.1)
22.3
14.4
13.0
3.5
5.1
3.8
( 25.2)
7.5
4.3
4.3
4.4
3.7
1.0
( 12.7)
9.5
3.2
100.0
Numbers, Average Age, and Per cent of Materials in Buildings,
100 Farms in Champaign County
Con-
Num- Con- crete
ber Aver- crete Brick Wood block Con- Wood- Galvan- Roll
Item on age foun- foun- walls or crete shingle ized roof-
farms Age dations dations tile
walls
floors roofs iron
roofs
ing
(years) (per (per (per (per (per (per (per (per
cent) cent) cent) cent) cent) cent) cent) cent)
% % % % % % % %
Houses 120 40 15.0 61.7 80.0 0.0 60.0 30.0 0.8 2.5
Barns 135
130
34
26
48.1
69.2
15.6
9.2
98.0
94.6
2.0
2.3
43.7
26.2
70.2
52.3
14.7
41.5
3 7
Cribs and granaries. . . 0.8
Machine sheds 91 21 48.4 1.1 81.3 0.0 5.5 25.3 48.4 14.3
Poultry houses 102 21 50.0 5.9 97.1 1.0 33.3 32.4 24.5 36.3
Hog houses 67 18 28 4 9 91.0 23.9 22.4 40.3 26 9
Cob, coal, and wash
houses 71
69
30
21
43.7
71.0
21.1
7.2
97.2
88.4
1.4
5.8
36.6
49.3
47.9
39.1
19.7
13.0
18.3
Garages 21.7
Silos 4
63
18 100.0
25.4
50.0
4.8
100.0
23.8Other buildings 15.9 88.8 39.7 23.8 22.2
Water tanks 38 19 92.1 7.9
Feeding floors 8 17 80.0 20.0
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Materials Preferred and Reasons for Preference,
100 Farms in Champaign County
Item
Con-
crete
Con-
crete
block
Brick Tile Wood Sheet
metal
Wood
shingle
Asbes-
tos
shingle
As-
phalt
shingle
Slate Total
Type of construction:
Foundations 88 4
3
1
1
1
3
94
Walls 85
9
1 93
84 93
25
10
5
1
15
1
6
4
39
7
2
4
37
3
18
3
11
4
2
1 94
Reasons for preference:
Cheaper 21
38
2
1
1 51
36
16
7
49
99
Less skilled labor 84
Easily remodeled and
21
Durability 87
4
1
20
21
5
6
2
1
3
1
2 1 1 15 6 1 172
57
Fireproof
Rat and termite proof. .
Easily cleaned and sani-
tary
Easv to put up
Suitable for purpose ....
Personal liking: attrac-
tive
2 15 7 31
2 26
21
8
1
1
2
..... 1
14
5
4
9
3
1
2
9
1
2
2
16
11
Thermal properties
Native product
No paint needed
1 1 1 25
6
2 1 1 5
1 6 7
Water tight 3 3
than was spent in the past 10-year period.
In the next 5 years, they would like to spend
money at an increased rate for all types of
construction, with the exception of paint
and new roofs. However, farms are in need
of major structures in greater numbers than
have been put on the farms during the past
10 years. Here the farmer's preference will
be conditioned by his purchasing power.
From the standpoint of farmer satisfaction,
convenience, and utility, it would be much
more desirable if the immediate business
activity and prospective increase in the farm
income in the next two or three years could
be used for making farm improvements
rather than for bidding up the price of farm
land.
The foregoing data may be of some inter-
est to the producer of construction products,
but the question is "What conclusions can
be drawn from them ?"
1 . A decided trend is noted toward the
use of concrete for any purpose where it
can be easily handled because formers con-
sider it durable, sanitary, rat and termite
proof, and cheaper. Any competitor should
remember these points.
2. If changes are to come in farm con-
struction, the inertia favoring the use of
wood will have to be overcome by any prod-
uct from the earth which will tend to re-
place it, especially for wall and roof con-
struction.
3. The farmer is unfamiliar with a num-
ber of construction products. He does not
know whether or not he can handle them
as readily as he can products with which he
is acquainted. He needs to know what they
will cost, what he can expect from them,
how he can use them, and, above all, what
their durability is. Salesmanship, therefore,
will be needed if greater use is to be made
of concrete blocks, building tile, and other
material which the farmer might handle
with farm labor.
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4. The cost of construction is a primary
item to the farmer, and he will prefer those
materials which he can handle most readily
with unskilled labor.
5. The use of large amounts of concrete
for floors, walls, and other purposes raises
the question "Will any other paving ma-
terial be developed which the farmer can
lay more readily over larger surfaces, such
as feeding floors and feed lots, in order to
better care for his livestock?" The question
of sanitation and durability will, of course,
be of major consideration in substituting
any other material for concrete, but this
field can be further explored.
6. Sanitation is becoming a larger item
on the farm in farm construction, partly
because the farmer is accumulating a knowl-
edge of how to avoid livestock parasites
and diseases and partly because he has new
parasites and diseases to combat as agricul-
ture grows older.
Finally, in any change in construction
on farms, the farmer needs informative edu-
cation which will give him facts. The in-
troduction of new materials in the past has
led to dissatisfaction in so many instances
that the farmer will need to be con-
vinced that the new is better than the old.
The prejudices which are created by a poor
product which might just as well have been
put on the market as a number one product
are difficult to overcome. The farm market
is indeed a large one, and, in developing
new materials, we need to develop them
with the idea of building a reputation.
Existing farm structures will be replaced
with the materials that the farmers believe
will best meet their conditions and needs.
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